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i Section 8 

PATHOLOGY 

Prepared by Averill A. Liebow, Lt, Col,, MC 

The observations are  presented: 

1, 

2, 

In a summary based upon the presumed pathogenesis of the lesions. 

In a systematic organ by organ description, with a statistical 

account of the material available and of the changes observed in detail, 

3. In a series of illustrations to which reference is made both in the 

siMnmary and in the more detailed descriptions, 

The actual. specimens and records which are described in-the text or  in the 

captions of the illustrations are accessible for review at the Army Institute 

of Fathology, 

This section is devoted to a summary in broad outline of the changes 

observed in the tissues. 

have been summarized in table 1 of thi? clinical section (SH) For the purposes 

of the present discussion, the' chief effects may be stated as trauma, burns, and 

radiation effect, 

The known injurious factors and the types of injury 

Blast and Trauma:. 

even a gross descript 

The blast injuries can be briefly dismissed. No section nor 
I 

the piddle ear of any- patient is available. Foci 

in tho lungs of a few patients, 

- 
ures except- that progressive infection 

and hemorrha result of the radiation, suffer 
4 

"Flash burns:'' 

that depigmentation of the skin. can occur even if the epithelium is not 

cornpletely destroyed, .At the margins there is hyperpigmentation, No material 

Q 
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is available to demonstrate the histological structure of the deplgmented zone 

1ai~ePally of the hype 

the burned tissue, edema 

may proliferate and macrophages infiltrate the tissue. 

injuries, infection often occurs and there may bc hemorrhage in association 

with aplastic anemia (figures628 - 34). 

area. In the deeper de= and fat underlying 

nd myxomatous material appear and fibroblasts 

A s  in the case of the 

Effect of 1o~xin.g Radiation: The action of the gamma rays and neutrons 

is manifestec! in changes analogous to those seen in an-iinals after exposure to 

X-rays, 

- U - U M . - Q I - U -  

They are found in the skin, gastro-intestinal tract, gonads, lymphatic 

tissues and bone marrow, 

a, The skin: 

Very few sections are' available indicating a direct effect on the squamous 

epithelium of the surface, 

demonstrated in figures 134 a, b, and c. 

contains extremely vacuolated cells with collapsed nu-clel. 

Suggestive evidence of such an effect is 

Here the epithelium of the surface 
* 

The changes bocome 

progressively severe as the margin of 

the malpighian stratum is scanty and irregularly distributed as are the dermal 

melanophores, The ulcer itself has 

n hemorrhagic base embedding bacterial mcsscs, -The collagen-here a lso  has 

assumed a'basophilic staining quality. 

present. The blood ,vessels 

some have collars of small s. Both the factors of 

direct radiation effect, and the aplastic anemia o of TjhiCh the skin 

may become easi thogenesis of such 

ulcer is approached. The pigment in 

M-i%ose.s are not found in the basal layer. 

No polymorphonuclear leukocytes are 

* .  

cnce and distribution have 

been described in Section 5, is accompanied by extremely interesting 
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his to logica l  changes (figures 138 t o  148, and 175 t o  177). 

If a typica l  h a i r  is excvnined rnicroscopically (fig& 137) it i s  found 

t o  consis t  of an i n t e r n a l  roo t  sheath which rises from the  matrix subst,mce at 

t h e  bs?se of  the  f o l l i c l e  by d i f f e ren t i a t ion  of a trichohyaline-bearing inenbrane 

(Henle’s and Huxley’s sheath) from which a kerat inized sha f t  is developed. 

I n  t h e  i r rad ia ted  subjects  there  is  failuro of d i f f e ren t i a t ion  of t he  in t e rna l  

root  sheath3’. 

t i ssue papi l la  becomes less vascular. 

a t  tha base of t he  f o l l i c l e  resembling an external  roo t  sheath, 

of t he  hki r  now becomes irregu.’ ar ly  d’istributcd through t h i s  increasingly 

narrow cord of epithelium. 

external  ce l lu l a r  connective t i s s u e  and the  in t z rna l  C l e m  hyal.ine menbrnne, 

become g rea t ly  thickened. The glassy membrane, by e l a s t i c  t i s s u e  s t a ins ,  is  

found t o  be composed of collagenous ra ther  than e l a s t i c  substance. With t h e  

I 

k 

A t  the  slme time mitosis ceases i n  the  matrix and the  coancclive 

There i s  then l e f t  a plug of o p i t h c l i m  

The pigiient 

A t  the  same time the  basement mmbrclnas, both th2  

f a i l u r o  of t h e  in t e rna l  root  sheath, the 

from t h e  external  roo t  sheath by G process analogous t o  parakeratosis,  

point of o r ig in  of t h e  shaf t  comes c loser  and c loser  t o  the  surface as the  

matrix scbstance atrophies  and f i n a l l y  the re  remains only a bulbous plug of 

ke ra t in  at t h e  mouth of the  f o l l i c l e ,  

completely extruded, 

t o  have a long t ape r ing -a t t a  

corresponds t o  the  beginning 

of October a t  a time.when cl.inica1 regeneration of t he  ha i r  i s  i n  progress, 

. there  i s  evidence of regeneration. This is characterized by the appearance 

o f  a new zone of d i f f e ren t i a t ion  of t he  internal- GOO% shea th  with i t s  typ ica l  

layers.  The growi 

through the  substnncz of t h e  old remnant of t he  external  roo t  sheath. 

ha i r  sha f t  now takes  o r ig in  d i r e c t l y  

The 

The h a i r  i n  the meantime has become 

When examined und.er the microscope such e. h a i r  i s  found 

the  atrophic  proc&s, S ta r t ing  with the  middle 
. -  

.ha i r  gradually pushes i t s  t i p  forward t o  the  surface 
, 

Fina l ly  
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t h e  plug of ke ra t in  a t  the  mouth of t h e  folliclo is  reached and penetr bed by 

pointed t i p  of the 

tr ichohyaline bearing port ion of the new i n t e rna l  roo t  sheath, 

Pew ha i r .  This i s  kcret inieed d i r e c t l y  from the  

It is  remarkable t h a t  the  process just  described is  a recapi tu la t ion  i n  

every de ta i l  of the  usual process of l o s s  and replacement of the  h a i r  as 

described by Auburtin and others  (figure 178). 

4 years and is  then cast o f f ,  

loss and the  regeneration of 

presentation, wi th  regrowth through the old external root  sheath. 

Usually a hair l i v e s  f o r  3 or  

The process of atrophy accompanies t h i s  ; lair  

the  ha i r  t<kes placo exact ly  as o u t l i m d  i n  t h i s  

Atrophy of 

t he  sebaceous glands goes hand i n  hand with t h e  changes i n  t h e  h a i r  f o l l i c l e  

and camot  bo in te rpre ted  as a d i roc t  r ad ia t ion  e f f e c t ,  

t h a t  has not been buhed  show r e l a t i v s l y  l i t t l e  change although occasionzlly 

Sweat glands i n  sk in  

t h e  acini appear shrunken and have thickened basement membranes and tiny 

vacuolated e p i t h e l i a l  c e l l s  with pyknotic nuclei. 

of t h e  sca lp  is i n  a much thinner layor than u&d. with w r y  short  blunt r e t e  

pegs. .Occasionally there  i s  hypcrpigmentation of the  basal  laycrs .  There i s  

also i n  some cases an increase i n  the  ke ra t in  a t  t h e  surface. 

The epithelium of  the surface 

< b. The Gastrointest inal  Tract: A s  early as t he  4 th  day remarkable 

histological changes are obsarvcd i n  the gas t ro in t e s t ina l  tracB of some 

pat ien ts  who had been close to the center of the boinb (f igures  15 - 17). 

These consis t  of the  appearance of extreinefy b i z a r r e ' c e l l s ,  sorile with enornous 

nuc le i  with a coarse chromatin network and an abundance of cytoplasm, 

c e l l s  display a typica l  mitoses, and t r i p o l a r  figures are occasianally observed. 

I n  one Nagzsaki p a t i m t  who c m o  t o  necropsy 11 days after t h s  bombing, there  

i s  also a la rge  zone of u lcera t ion  underlain by edematous tissue. 

lamina propria and submucosa contain large b a c t e r i d .  masses. 

c e l l s  a r e  not present. 

Other 

The exposed 

Polymorphonuclear 

Direct in ju ry  of epithelium and leukopenia probably 



both play a r o l e  i n  the pathogenesis. 

In  the pharynx and tongue of a pa t ien t  dying on the 10th day thcre  are 

remarkable changes resembling those following X-ray i r r ad ia t ion  of the skin 

(ffgums 25 - 27). 

involving both tho cytoplasm and the nuclei, 

of the nuclei  hecone fragmented, 

and others within the deeper layers  of epithelium become sep,aratcd from t h e i r  

neighbors and appear as br ight ly  acidophilic homogeneow masscs, A t  the  sane 

These consis t  of swelling of the squamous ep i the l i a l  c e l l s  

Both become vacuolated and inny 

The e p i t h e l i a l  c e l l s  a t  %he surface desquamate 

time the ep i the l i a l  c e l l s  of the surface undergo parakeratotic changes. 

r eminde r  of the wall of the pharynx displays a tremendous edema and 

The 

lynphcctasia, The lymphoid t i s sue  i t sdf ,  however, undergoes a romarkable 

atrophy which w i l l  be described. 

elements represent the  only  exudate i n  the  pharynx, 

Scattered p l a s m  c e l l s  and large mononuclear 

This epithelium ultimately 

becomes 

81% olar 

lacking 

C. 

completely desquamated avid bac tcr ia l  masses a r e  found within the 

t i s sue ,  which i t s e l f  becomes necrotic,  

i n  t h i s  lesion. 

A polymorphonuclear ba r r i e r  i s  

Gonads , 

Even a t  the 4th day remarkable. changes m e  fourd i n  the  t c s t e s  ( f igure 

21). These consist of a sloughing of the germinal epithelium from the base- 

ment membrane of the tubules, 

S e r t o l i  c e l l s ,  

there  is complete l o s s  of the gomdnal epithelium and i ts  derivatives which 

ul t imately become discharged from the lumen o r  undergo necrosis i n  s i t u .  

At the same time there  i s  an increase i n  the 

Ultimately i n  pa t ien ts  dying toward the  end of the first month 

, 

( f igures  100-109 and 166-167). 

following massive radiat ion,  

the basement membrane, where it appears us a largo clement with a hyper- 

Similar changes have been observed i n  animals 

Occasionnlly, however, n germ c e l l  remains near 
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chromatic coarsely reticular nucleus and basoDhilic cyvoplnsm. Remnants 

i 

3 
, f  
%. 

of the spermatids also exist in the luiien for a considerable period of 

time. 

ma37 be formed, 

The cytoplasm of these nay unite and what appear to be giant cells 

After the 5th week, in some Snstances, the tubules begin to 

display a thickening of the basement membrane, The blood vessels of the 

interstitial. tissue often display deposits of a brightly acidophilic 

refractile natorial beneath the endothelium, 

few cases, particularly after the end of the 6th week, becoines increased in 

mount. 

The interstitial tissue in a 

This is the result of actual hyperplasia and not of mere compadrtion, 

Ultimately some tubules become completely hyalipcized, 

sbiilar changes m y  occur as Q result of oxtreme malnutrition, such as has 

been observed among prisoners of the Germans at Dachau. 

studies we have concentrated upon well-nourished 

It is remarkable that 

Consequently in our 

In a few instances castration cells a re  found in the pituitCwies 

(figures 123 and 124). 

Much less striking a.ro tho changes in the owzies (figures 110 - IN).- 
Only in 8 few instances has it been possible to demonstrate priniary follicles 

in process of atresia and a decrease in the nunber of ova. 

tant finding is that of the absence of doveloping follicles despite 

The most cons- 

persistence of primary follicles. Thus, with P, vcry.fow exceptions, 

there a r e  no corpora lutea, ,The endometrium correspondingly shows 

an absence of.corpus luteum effect and appears in the resting phase 

with short reetilincar glands. and a compact stro& of deeply basophilic 

spindle-shaped cells, In one case there was.found a corpus luteum of 

pregnancy in process of involution. 

to abortion at the fifth month, 

This occurred in a woman who had come 

The fetus in this case did not appeh t o  bo 

abnormal. Tho patient herself died of a necrotizing gastro-enteritis, The 



res i s tance  of t h e  corpus luteum of pregnancy t o  Roentgen-irradiation i s  well 

known. 
, 

Clinical ly ,  heavily exposed male pa t ien ts  have shown oligospermia o r  even 

azoospermia, and there  has been i n  the woqen an even higher incidence of 

amenorrhea than was prevalent i n  wartime Japan. 

d ,  Lymphoid Tissue, 

The lymphoid t i s sue  i s  known t o  be remarkably sens i t ive  t o  ionizing 

rad ia t ions  and is B ~ ~ ~ & ~ ~ ~ Q - & ~ ~  .*e '&& w%&'s. (Figures, 3-11, 50- 

63, and 153-154), The earliest manifestation of t h e i r  ac t ion  appears t o  be 

a fall i n  the  per ipheral  lymphocyte count. T w s  was observed t o  be the case 

i n  the! few pa t i en t s  who had had blood counts within the first week. 

necropsy, even after 3 days, there  i s  a remarkable degree of atrophy of .the 

lymphoid' tissue. 

the  spleen and lymphoid f o l l i c l e s ,  so t h a t  nothing but t h e  r e t i c u l a r  skeleton 

remains. 

b ios i s ,  

A t  

Mature lymphocytes have alrnost compl.etely disappeared Trom 

The c e l l s  of t he  germinal centers  have by t h i s  time also suffered necro- 

Beginning on the  5th day large,  a typica l  mononuclear c e l l s  begin t o  

appear, both i n  the  spleen and lymph nodes. 

resemble lymphoblasts. 

a3undance of basophilic cytoplasm, 

The a typica l  c e l l s  i n  some instances 

Others a re  l a rge r  and have bizarre  folded nuclei  and an 

Many o'f the l a t t e r  suggest t he  Reed-Sternberg 

c e l l s  i n  t h e i r  appearance,. They become very numerous i n  some cases and may 

persist f o r  a t  least 3 months. .The lymphoid t i s sue  i n  most cases fa i l s  t o  

regenerate completely by the end of that time but i n  a few cases secondary 

lymphoid f oll i .cle s have reappeared. 

InJthe spleen the  proc.ess of regeneration is  ushered i n  by a condensation 

of reticulum aJong the  cent ra l  arteries. The lymphocytes begin t o  appear 

between t h e  cen t r a l  vessel and the  condensed reticulum, apparently taking 
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. . . . - . . . . . . - . . . . . . . . . . . . . . . . . . . . . 

qp$.gin by d i f f e ren t i a t ion  ~f the f a t t e r ,  

those of the peripheral reticulum appear near the center of the f o l l i c l e  and 

the external band of reticulum becomes 

Ultimately large ce l l s  ‘rrcsembling 

zhconspicuous, 
- *  

e. Bone Marrow. 

1, During the F i r s t  6 Weeks. 

Remarkably extensive am3 rapid changes a l so  occur i n  the bone 

marrow of heavily exposed patients.even within the 

( F i g y e s  1-2-14, 64-84, and 155-363). 

first week of the bgmbing 

There may be a t o t a l  disappearance o f  
3 

the typ ica l  hematopoictic t i s sue  usually with the exception of s m a l l  i s l e t s  

of erythropoietic c e l l s  which appear at first t o  be more r e s i s t a n t  than the 

myeloid t issues .  

a regenerative process 

reticulnm c e l l s  which Tie within the adipose t’issue. 

appears not t o  d i f f e ren t i a t e  in to  nlyaloid c e l l s  but eo form chief ly  plasma 

c e l l a  and lymphocytes, 

Even a t  the 5th day, however, there i s  already evidence of 

manifested by pro l i fe ra t ion  of small numbers of 

The reticulum a t  first 

Many elements intermcdiate i n  appearance between 

plasma c e l l s  and r e t i c u l a r  elements a r e  present, 

a l s o  hado c l i n i c a l l y  i n  aspirat ions of t he  s t e rna l  marrow performed as ear ly  

These observations were 

i 

as  8 days after the bombing and a severe leukopenia was noted i n  some patients,  

The p l a t e l e t s  proved more r e s i s t an t  and e f f ec t s  o f  t h e i r  reduction were not 

apparant f o r  a t  l e a s t  2 weeks a f t e r  the bombing. 
/ 

Even by the 12th day, the reticulum cells may have -po l i fo ra t ed  

t o  a remarkable extent forming thick septa among the fat  c e l l s ,  Again 

there  may be f au l ty  d i f f e ren t i a t ion  -- i n t o  plasmacytoid elements, 

instances, however, a f t e r  3 . to  4 weeks, there  i s  d i f f e ren t i a t ion  i n t o  

In  some 
* 

L 

n . myelocytes. This process may take place d i r e c t l y  without intervcntfon of the 

usual basophilic b las t s ,  merely by the appemanco of granules i n  the  coytoplasm 

f )  
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of c e l l  t h a t  resemble reticulum c e l l s  but ich  have acquired a somewhat 

nuclear membrane and l a rge  nucleoli. Tho cytoplasm does not beoome 

intensely basophilic d u r i k  t h i s  t ransf  ormatZon. 

In a few pa t ien ts  dying toward the end of the first month the  

marrow may show a foca l  mp lo id  d i f f e ren t i a t ion  with large M ~ P S  Ln 

myelocytcs or  i n  some instances there  may be a tremendous hyperplasia of the 

marrow with, however, evidence of maturation defect i n  t h a t  the pat ient  

manifested EL leukopenia c l in ica l ly .  

marrow such as the  one tha t  has been first described, i f  they d i e  a t  any time 

Most cases, however, display a hypoplastic 

before the end of  the 6 th  week, 

Whatever the  les ion  i n  the bone marrow, pa t ien ts  dying Sofore 

the  end of the 6 th  week c l i n i c a l l y  experience a leukopenia. In all but one 

the cottrit had a t  one t i m  f a l l e n  below 2,500 and i n  most below .1,000, 

only the leukocytes but the megakaryocytic t i s sue  and thc erythropoietic 

Not 

. tissue are involved, wLth a corresponding thrombocytopenia and anemia. 

2, After the 6th week, 

After the s ix th  week more and more of the marrow i n  the fatal 

ceses tend t o  show hyperplasia of myeloid c e l l s ,  but there i s  s t i l l  

persistence of r e l a t i v e l y  and absolutely graat  numbers of reticulum ce l l s ,  

plasma c e l l s ,  and lymphocytes, As the marrow recovers, polporphonuclear 

c e l l s  become numerous i n  whatever les ions bmw,&%' eeMt&n.n;d t o  r & a s q ~ y  

(usually a necrotizing pncum 

be an important.faotord. 

f. Indirect  Effects  of ' the  Ionizing Radiations, 

During the  first six weeksp whatever t he  his tologic  appearance of c- 

- 
the  marrow (and t h i s  t i s sue  i s  usually hypoplastic) there i s  c l i n i c a l l y  i n  
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fatal cases a s t r ik ing  leucopenia, and, a f t e r  the second weok, a ~I-YPOI&O- 

cytopenia and anemia, 

enemin take place. 

there  is necrosis and henorrhage, which borders upon normal o r  edematous 

Consequently the pathologic changes of ap la s t i c  

All surfaces accessible t o  bacter ia  are invaded and 
L 

t i s sue  without a leucocytic bar r ie r ,  except f o r  scat tered plasma ce l l s  

and large mononuclear elements. 

wtth the formation of ulcers  (figures 134 and 135). Essent ia l ly  sinxilar 

les ions  may involve the  l i p s ,  gingivae, tongue, t ons i l s ,  pharynx, l a r y m  

and trachoa (f igures  125-133, and 174). 

The sk in  may be involved i n  t h i s  process 

The lungs become t h s  seat of a 

necrotizing and hemorrhagic focal  pneumia, without polymorphonuclear 

leucoty t ic  rasponse (f igures  38-49, and 14.9-152). In the in t e s t ines  

multiple small 

par t icu lar ly  upon the  ileo-cecal valve (f igures  85-94). 

or  large bulging ulcarzted and hemorrhagic les ions  develop 

Hemorrhages were vei-y comnion i n  the  skin, gingivae and viscera from 

the th i rd  t o  the s i x t h  week, Usually there  was an associated thrombocytopenia, 

but the  bac te r i a l  infect ions and t h e  vitamin C doficicncy t h a t  was demonstrzted 

i n  sone pat ien ts  were probably contributing fac tors ,  

Gcneral Observations. 

Czpacity f o r  Pro l i fe ra t ion  of Tissues Exposed t o  Ionizing Radiation, 

Despite the t r ans i to ry  inh ib i t ion  of mitoses t h a t  has been observed t o  occur 

experimentally following exposure t o  X-rays, there  i s  i n  d.1 avai lable  

material some evidence of pi*oliferation?of c e l l s  even though it i s  a t  times 

atypical ,  This is t rue  of  f ib roblas t ic ,  reticda,,. and epithelSal~elements,  

In  some instances the formation of granulation tissue is  delayed i n  

tho burnod sk in  (figure 28) 

epi the l ia l iza t ion ,  even when the  bone m m o w  remains extremely hypoplastic. 

but burns and other les ions may heal’well ,  with 
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A Eapid p r o l i f e r a t i o n  of $he.retigylunl cells i s  manifested i n  the - 

spleen and lymphnodes and even i n  the bone marrow, but i n  a l l  of these 

t i s s u e s  they may d i f f e r e n t i a t e  i n t o  atypical  c e l l s .  

. in tes t ine ,  even i n  heavily exposed persons, a t  -h days show mitoses, but 

Epi the l ia l  c e l l s  of the 

these a r e  of ten bizarre.  

Erythrophagia and Hemosiderosis. A s  i n  experimen'tal animals 

erythrophagia may be observed within a f e w  days a f t e r  exposure t o  ionizing 

radiation. It i s  not known whether the ret iculoendothel ia l  c e l l s  f a i l  t o  

dispose e f f i c i e n t l y  of the phagocytized red c e l l s  o r  whether phagocytosis 

i s  increased. Very few of t h e  pat ien ts  show an elevation of t he  i c t e r u s  

index. 

re t iculoendothel ia l  t i s sues  within the f i rs t  6 weeks. 

especial ly  prominent i n  many pa t ien ts  a f t e r  the 4th week. 

that takes place j u s t  before and during t h i s  peribd, with subsequent break- 

down of t h e  extravasated blood doubtless contributed t o  t h i s .  

Erythrophagia i s  constantly manifest t o  a moderate extent i n  a l l  

Hemosiderosis i s  

The hemorrhage 

Class i f ica t ion  of Cases: On both c l i n i c a l  and anatomical considcrations, 

the fa ta l  cases can be readi ly  c l a s s i f i e d  i n t o  three groups, depending upon 

the i n t e r v a l  between the bombing and dzath. 

elaborated i n  the main descr ipt ive chapters of this section, but may be 

epitomized as follows: . 

This c l a s s i f i c a t i o n  i s  

1 

Group I (Pat ients  dyi  

group there was -histologic 

gastro- intest inal  t r a c t ;  b 

c l i n i c a l l y  manifest . 

r ing the f irst  and second weeks).' In t h i s  .~ 
dence of r a d i a t i  - .  

and gonada which have not become 

ts dying during the third;  fourth, f i f t h  and. s i x t h  ' 

weeks). I n  t h i s  group the rad ia t ion  effects ,  par t icu lar ly  the r e s u l t s  
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*) 

/ 

of damage t o  the  bone 

largely t h z t  of aplas emia associated w?th ep i la t ion ,  
I 

Group 111 (Pat ients  dying a f t e r  the s ix th  week): In  t h i s  group tho 

bone mcvrow has usually recovered, 

ment, but t e s t i c u l a r  atrophy pers i s t s .  Polymorphonuclear leukocytes a re  

present i n  the  les ions  (usualPy necrotizing pneumonia. or e n t e r i t i s )  t h a t  

prove fatal; 

penic phase. 

The h a i r  may be i n  process of replace- 

these les ions  my have had t h e i r  inception during the  leuko- 

The mafa, m&mca changes are summarized i n  ta ’de  1, 

-12- (8) \i 12 
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2. --..--_I- SYSTEMllTIC DESCRIPTION OF THE 1,ESIOIE 

Class i f ica t ion :  After a preliminary h is to logica l  review, the  cases were 

c l a s s i f i e d  according t o  the  f ac to r s  t h a t  seeaed important, as follows: 
' t  
i 
* 

A. By da te  of death, 

The anatomical changes i n  those who apparently received l a rge  

doses of r a d u t i o n  depended upon whether t h e  pa t ien t  died. 0 

1. before the  15th day, 

2, 

3. 

1 

between 1 5  and 40 days, 

4.1 or  more days after the  bombing. 

B. By distance, 

It was expected t h 2 t  the pa t ien ts  had o r  had not received 

considerable doms of r ad ia t ion  dcpending upon t h e i r  position: 

1, within 1530 meters, 

2, beyond 1500 meters from t h e  center. 

C, B y  whether burns had been sustained. 

It is  known t h a t  la rge  areas  o f  burned sk in  i n  themsclves 

may be associated with lesions i n  remote organs. 

t o  the  c r i t e r i a  empioysd i n  the  c l i n i c a l  am1ysi.s thore wcre 

According 

pa t ien ts  : 

1. without severe burns, 

i 

14 



whether o r  not the  pa t i en t  suffered burns. Thus, 

~ pa t i en t  who'dies between 15 and 40 days a f t e r  the 

11212" ind ica tes  a 

bonbing, who was with- 

i n  1500 meters of t h e  center, 2nd who has severe burns. 

var ia t ions  i n  shielding as well as i n  suscept ib i l i ty ,  it was not ex2ected 

Considering 

t h a t  the c l a s s i f i ca t ion  would be sharp. 

Almost a l l  pa t ien ts  i n  the pathologic study showed sone changcs in t e r -  

pretable  as  rad ia t ion  e f f ec t ,  especial ly  i n  the  lymphoid and hematopoietic 

t i s sues  despi te  the  f a c t  t h a t  some were s t a t ed  t o  be as far a s  2009 meters 

away; Rone were fu r the r  removed. Some, of these may represent individuals  

hypersensitive t o  radiat ion;  i n  others, the distance may not  nave been ac- 

curately recorded. &st of those beyond 1500 meters have some ms,jor !.esions 

i n  addi t ion t o  radiat ion effect .  

p l ica tzd  the f o r m r .  

It i s  t r u e  t h a t  the l a t t e r  may have com- 

In  other  instances,  death from +&e main cause inzrely 

brought t o  autopsy t i s sues  t h a t  otherwise might have escaped the scrut iny 

of the microscopeo 

There are thus extremely few t r u l y  control  observations. Neverthaless, 

fo r  the  sake of presenting the f a c t s  i n  t h i s  sec t ion  wi th  a minimum amcunt 

of bias,  as many major var e s  a r e  introduced i n t o  the  c l a s s i f i ca t ion  a s  

w i l l  not  overburden the t a  - t  

jA . 
The subdivision i n t o  ups according t o  da te  ofb-death should not be 

es of a l l  oxposed.paticnts passed through these taken to-impljj*-that the- ti 

"stages", although i n  a ge ency was.iii t h a t  d i rec t ion  even 

i n  non-fatal cases. .The -general  groupin fo r  convenience i n  des- 

c r ip t ion  of.-the t m e s  of l e  ons i n  persons dying d u i n g  ce r t a in  in te rva ls .  
- -  



The Hiroshima material  w a s  found t o  be more su i t ab le  f o r  ana lys i s  on 

the basis of the plan j u s t  outlined, f o r  the following reasonst 

1. A more continuous s e r i e s  of cases had come under study. 

2.  It was possible  t o  bring together more of the  ea r ly  necropsy 

mater ia l  i n  the Hiroshima group. 

3. Data a s  t o  dis tance i n  the  Nagasaki cases were almost always 

'lacking, except, f o r  the 17 pa t i en t s  who had been autopsied by 

members of the J o i n t  Cotmission. These a l l  fa3.1 i n t o  the t a t e s t  

group. 

It may be unequivocally s ta ted,  however, t h a t  a t  least  the temporal 

sequence of anatomical ch(a.uiges i n  adequately exposed pa t ien ts  i n  t h e  two 

c i t i e s  was similar. Lamentably, exact comparisoa by distance from the 

bomb i s  not  possible on the b a s i s  of the  mater ia l  a t  hand. 

After poorly fixed or otherwise uninterpretable  caszs were eliminated 

representat ive mater ia l  was ava i lab le  as shown i n  tab le  2 ,  The tnree main 

groups, based on da te  of death, are indicnted by Roman numerals. 

- GROUP I 

(Pat ients  dying during f i rs t  two weeks) 

--- Gaxeral %marks: 

radizt ion e f f e c t  i n  the  t i s sues  but many of- the more spectacular r s s u l t s  

cf damzge t o  t h e  bonemarrow such a s  petechiae of the skin and necrotizing 

les ions  of the gums and pharynx have usually not a s  y e t  appeared. 

ep i la t ion  i s  not evident upon gross' inspection. 

I n  t h i s  stage there  a r e  already profcund evidences of 

1c 

Likewise 
-I 

I 

The c l i n i c a l  data are summarized i n  'al l  avai lable  d e t a i l  -( table 3) 

_ _  
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The few recorded estimations of the white blood count do not show leako- 

penia. 

autopsy i n  whom 2 leukopenia was demonstrated during the  first week (see 

There a r e  records of--other pat ients ,  however, who did not come t o  

Radiation e f f e c t  i s  manifest i n  s t r i k i n g  changes i n  the  lymphoid 

t issues ,  bone marrow, tes tes ,  and the  epithelium of the  pharynx and tongue. 

Urifortmately, skin from sites t h a t  were not burned i s  unavailable.- 
w 

The three cases of Group 111 represent the only necro?sy mater ia l  

avai lable  from persons who.died within the  f i rs t  two weeks without apparent- 

l y  adequate mechanical o r  thermal injury,  

medical emergency demanded a concentration of energy upon f irst  a i d  ra ther  

than upon s c i e n t i f i c  invest igat ion.  

performed, 

They died a t  a time when the 

Consequently necropsies were r a re ly  

According t o  Japanese medical observers, however, the number of 

. such obscure deaths were la rge ,  

L i t t l e  l i g h t  i s  cast upon the mechanism of death i n  these pa t i en t s  

by examination of' t h e  t issues .  Perhaps there  i s  a very sudden and over- 

whelming bac te r i a l  invasion, P J J  t h  ninimal t i s sue  response a Soirie evidence 

t h a t  t h i s  may occur i s  the presence of bacter iz  i n  such t i s sues  a s  the 

bone marrow (fi'gures 82-84) i n  l a t e r  s tages ,  I n  t h e  cases i l l u s t r a t e d ,  

however, there  are massive.foci of infected necrot ic  niaterial as i n  the  

lungs, i n t e s t ines  o r  skin from which the bacter ia  could.have gained access 

t o  t h e  blood stdrecun. 
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KEY - 
No notation - no information given i n  record. 

0 - indicates  t h a t  sign or sympton W ~ S  s t a t e d  t o  have been absent. 

Burns 

Ninor Burns 

i \ 

ui 

Sevare Burns 

, 

Fcver : 

Figure i n  ( ) indicates  day on which s t a t e d  count was made. 

Fever t o  3 9 O  . 

Fever t o  400 

Fever t o  &Lo 

GROUP I 

(Died before 15th day) - .  

Heart 
7 

Subgroup 111: (Within 1500 meters; no burns) 

There are no notable gross changes except f o r  a few subepicardial 

hemorrhages i n  the two hear t s  of which there  is record, 

i n  one case there i s  observed edema of t he  perivascular t i s s u e s  within the 

nyocardium, 

Microscopically 

The other myocardium is  his totypical .  

There are no remarkable,changes i n  the la rge  or small vessels. 

S:xbgroup 112:  (Within 1500 meters; burns) 

Petechiae of the epicardium are commonly.found i n  t h i s  group. These 

represent the only gross changes of note. Unfortunatelyo there  is  no des- 

c r ip t ion  of &ether t he  blood w a s  c lo t ted  within the  chanbers of the hear t  

-20-(8) 20 

,< 



- 

i n  these cases. 

i n  evidence, 

dium. 

Microscopically, perivascular edema is again occasionally 

O n l y  once is a l e s i o n  detected i n , t h e  endocardium and myocar- 

This consis ts  of plasma c e l l  i n f i l t r a t i o n  j u s t  beneath the endothe- 

l i a l  ce l l s .  A few muscle f i b r e s  i n  the immediately adjacent layem of F 
myocardium, likewise a r e  preserved i n  shadowy out l ines  and the myolemma 

c 
contains a few small mononuclear or plasma cells. 

the f ibrous  stroma surrounding the f i b r e s  i s  presesved. 

In other places, only 

These changes 

are not present i n  the  deeper l aye r s  of the rqyocardium. Such changes have 

been described i n  various infections,  as i n  scrub typhus and i n  burns. 

. TABLE 4, Hiroshima 

GROUP. I 

Heart 

\ 

Observations 
I___- Subgroup _I 

111 112 122 

Specimens avai lable  

(Gross) 2 8 1 

(Micros o op i c ) 2 8 1 

Epicardial hemorrhages 2. ‘ 6  
Perivascular edema 1: 2 1 

Plasma o r  mononuclear c e l l  i n f i l -  
t r a t i o n  of myocardium 

Thrombus i n  venule 1 

Plasma or  mononuclear ce l l .  i n f i l -  1 
t r a t i o n  of endocardium 

1 \ 

+ 
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I n  most- instances,  pulmonary les ions  consristbd of a t e l e c t a s i s  and 

emphy~ema and edema of the  i n t e r s t i t i a l  t i s sues ,  

found i n  pa t ien ts  dying before tho 15th day who were not burncd. 

8 burn cases o n l y  once was there  an a p l a s t i c  pneumonia and once a foca l  

pneumonia of t h e  usual type with a r i c h  polymorphonuclear exudate. 

t h i s  instnnce the  marrow was hmerplas t ic .  

have been among the survivors i f  it had not been f o r  t he  burns. 

No other les ioas  m r e  

Anong 

I n  

Such an i n d i v i d m l  might well 

L 

I- Subgroup lz: (Within 1500 meters, no burns). 

The lungs i n  t he  tlwee cases h i b i t  no cha rac t e r i s t i c  gro- ,,s les ions,  
Histological ly ,  there  is usual ly  edema of t h e  pleura and i n  the  connective 

t i s sue  of the bronchovascular rays. I n  one instance, a f e w  sca t te red  hem- 

orrhages a r e  also noted i n  the  parenchyma, In  two lungs there  a m  apparent 

microscopically, but not grossly, f o w l  zones of a t e l e c t a s i s  and eqhysem. 

I n  one of these there  is  also a f i n e l y  granular, pink s t a in ing  material 

In t h e  lumina of t he  alveoli and the bronchioles which i s  interpreted as the  

r e s u l t  of pulmonary edema. There is no necrosis,  Several  of  t he  small pul- 

monary vessels contain minute organizing thrombi, 

the bifurcat ions of t he  bronchioles partake of the  general atrophy of t he  

lylrphoid t i s sues ,  

The lymphoid tissues a t  

There is no d e f i n i t e  evidence of blast e f f ec t ,  The d i s t r ibu t ion  of  

t h e  hemorrhages i n  t h e  lung of the  one case where they appeared 'is not rc- 

corded, Hemorrhage was found nore of ten and was more extensive i n  specimcm 
\ 
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renovod a f h r  the  second week (See Gi-oup 11), 

Subgroup_ll2: (Within 1500 meters, burns). 

Genordly, the  changes resemble those of pa t ien ts  without bwns; 

i , e . ,  there  a re  usual ly  foca l  a t e l e c t m i s  and emphysema ( f igurc  1) and 

edema. of t he  plcura and other i n t e r s t i t i a l  connective t i s sues .  

are observed i n  the  pleura i n  about one-third of t he  cases. 

lyriph nodes a r c  s t a t ed  t o  be 

the  lymphoid tissue i n  the  lungs is vcry scanty. 

f indings,  howover, f o c i  of consolidetion are noted i n  two cases arld one 

of these is  found t o  be produced by what, hereaf te r  w i l l  be referred t o  as 

l l tnplastic pneuaonia,tt The follQwing descr ipt ion i s  from Key Bo, 11 (died 

Ptitechiac 

The h i l a r  

Microscopically, snall grossly i n  one case, 

I n  addi t ion t o  these 

8 th  day): 

The large a lveo l i  have th ick  walls sild t h e i r  lumina contain la rge  

quant i t ies  of f i n e l y  granular, 

stances,  inLerlacing threads of f ib r in .  

i n  the lumina of t he  small blood vessels ,  

pink s ta in ing  material and, i n  somc in- 

Groups of l~eukocytes are found 

It is  d i f f i c u l t  t o  ident i fy  

t h e i r  exact iiiture, but i n  some instances,  where the  shadowy out l ines  of 

nuclei  can s t i l l  be made out, 

cytes  o r  stab c e l l s ,  

of f i ne ly  granular, purple s ta in ing  bacter ia l .  

w i t h  a c e l l u l a r  exudate 

some appear t o  be polymorphonuclem leuko- 

I n  the  lumina of s o m  of the  a l v e o l i  are secn c l m p s  

These are not associated 

except i n  the  case of a f e w  a lvodl i ,  The septa  of 

the  lung and the  

ly grniiular black 

notable, however, 

pleura a re ' bo th  edonatous, Only small quant i t ies  of f ine- 

pigmeit nre present wiLnin these s t ruc tures ,  It is  

tha t  t h i s  pa t ien t  has a hyperplastic- bone marrow, but 
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apparently f e w  polymorphonuclear c e l l s  are being delivered t o  the les ions  

i n  the lungs. 

In  one instance, Key No. 12 ,  despi te  the f a c t  t h a t  the distance of 

the pa t ien t  is  recorded as having been only 700 meters, there  is  focal nec- 

ro t iz ing  pneumonitis, i n  which there a re  numerous polymorphonuclear leukocytes. 

1 

# 

Burns i n  t h i s  individual a r e  a l so  found t o  be r e l a t ive ly  s l i g h t ,  

3. 
TABLE 5. Hiroshima 

GROUP I 

Lungs 

.Observations 111 1 1 2  1 2 2  

Microscopic 

Focal Atelectasis  and 
Emphysema 

Edema of I n t e r s t i t i a l  
Tissue 

Edema Fluid i n  Alveoli 

Thrombi or  Emboli i n  
Pulmonary Arter ioles  

Focal Parenchymal. 
Hem@rhages 

3 

1 

2 

1 

1 

1 

1 

Focal Aplastic 
Pneumonia 1 

-J, Focal Necrotizing 
Ineunonia with PMN 1 1 -  

Additional Observations' r 

ip 

Focal Fibrpcaseous Nodule ~ 1 

Fibrous P leura l  Adhesions 3 1 

Ghon' s Complex 1 

, 

Apical Fibrous Scar 1 3 
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General Remarks: The 

F ed, e i t h e r  on account 

f i l t r a t i o n  of ce l l s .  

1 

GROUP I 

Spleen 

spleen usual ly  i s  rodiiced i n  size but m.y be snlmg- 

of congestion or  on account of pro l i fe ra t ion  3r in- 

The reduction i n  size is  apparently associated with 

4 

. 

a s t r i k i n g  disappearance of lymphoid t i s sues  t h a t  is  evident as ea r ly  as 

t h e  t h i r d  day, and which may p e r s i s t  f o r  a t  least three  months thereaf te r .  

After t he  four th  day there  is  i n  many spleens an increase i n  a typica l  

-1 

l a rge  mononuclear ce l l s ,  resembling lymphoblasts, l a rge  plasma c e l l s ,  atyp- 

i c a l  reticulum c e l l s  o r  even Reed-Sternberg c e l l s ,  

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

The weights i n  two dases are respect ively 65 and 135 Gm, A l l  t h e e  

ava i lab le  specimens 

material i s  yielded t o  the  knife  upon scraping, 

i nv i s ib l e  t o  the  naked eye but t he  trabeculae a r e  d i s t i n c t .  

have a dark red color and pulpy consistency, L i t t l e  

Malpighian corpuscl-es are 

Microscopically, it i s  apparent t h a t  remarkable changes have occurred 

i n  t h e  spleen. Lymphocytes have almost completely disappeared. The s i t e s  

of t he  malpighian corpuscles a r e  only  vaguely outlined by the  whorled 

s t ruc tu re  of the  collagenous and reticular t issue t h a t  immediately surrounds 

the cen t r a l  a r t e r i o l e s  (figures 3, 4, and 5). 

of the  lat ter contains a br ight ly  acidophi l ic  r e f r a c t i l e  material. 

endothelium i tself  i s  well-preserved and i n  many cases 

3 

. 
k- The subendothelial t i s s u e  

The 

t h e  muscle f i b r e s  
? 

a l s o  s t a i n  well. 

v i c i n i t y  of these 

3 

The lumen i n  most instances i s  patent,  

cen t r a l  vessels a r e  found only a 

I n  the  immediate 

few small mononu-clear 
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u ce l l s .  Some of t h e - l a t t e r  as well as the nuclei  of cer ta in  la rger  ce l l s ,  

presumably those of former gernimal center ce l l s ,  are i n  process of karyo- 

lysis and t h e i r  cytoplasm has become shrunken, opaque, and granular (figure 

F 4). Among these c e l l s  are present many apparently empty spaces, The pro- 

cess appears t o  be one of necrobiosis and there  i s  no evidence of phagocy- 

t o s i s ,  Not a s ing le  well-preserved malpighian corpuscle i s  found i n  t.wo 

la rge  sections t h a t  are examined. 

e l a s t i c  s t ruc tu re  of t he  capsule and trabeculae, 

There is no apparent change i n  t h e  fibre- 

A t  the inser t ions  of the 

l a t t e r  upon the former there  a r e  deep indentations of t h e  surface. 

The h is to logic  s t ruc tu re  of a l l  three sp1eens.i.s ident'ical i n  the fea- 

tu re s  j u s t  described, 

there  i s  i n  additio:i a tremendous pro l i fa ra t ion  of a typica l  ce l l s .  

are i r r e g u l a r  i n  shape and possess neutrophilic o r  basophilic cytoplasm 

and usually hyperchromatic nuclei  with th i ck  nuclear membranes and prominent 

nucleoli. Some resemble mature reticillurn ce l l s .  Others have the appear- 

I n  one case (figure 8 )  who died on the 6th day, 

These 
0 

I( 

ance of lymphoblasts and some a r e  s o  l a r g e  and so biazere as t o  resemble the  

Reed-Sternberg c e l l s ,  Many c e l l s  are found i n  mitosis  and some of these 

mitoses a r e  atypical.. I 

not reduced, w t .  135 Gm, d 

ase- jus t -  described, the size of the spleen is 

e atrophy of the-lymphoid f o l l i c l e s .  This 

t apparently is the r e s u l t  l i f e r a t i o n  of the s typ ica1  cells. 

Erythrophagocytosis emosiderosis of moderate degree are i n  evidence 
t 

- -  i n  a l l  of these IsplGens, I 

z .- 
Subgroup 112: (Within 1500 meters; burns). 

I n  four  o f - s i x  cases, the spleen- was found t o  weigh l e s s  than 100 grn. 

I n  one instance, t he  weight of t he  organ was 220 Gm. Gross observations 

-26- (8) 26 



t- 

. .  

are as described i n  the  preceding section. 

the spleen with a s l i g h t  quantity of blood i n  the per i toneal  cavi ty  gas 

found. This p a t i e n t  had sustained trauma t o  the head and possibly t h i s  

les ion  was also of traumatic origin.  

I n  one instance, a rupture of 

Microscopically, the appearance is as i n  subgroup 111. Usually there  

i s  s t r i k i n g  atrophy of t h e  lymphoid t i s s u e  and atypical der ivat ives  of 

reticulum cells are usually prominent. 

cellsf? described by Rich, Lewis & Wintrobe.* 

They resemble the "splenic tumor 

Ferif  o l l i c u l a r  and i n t r a f o l l i c u l a r  hemorrhages a r e  noted i n  K-3 (fig- 

u r e  s) ,  
and mal.1 quant i t ies  of iron-containing pigment a r e  demonstrated even i n  t h e  

e a r l i e s t  autopsies ( 3  t o  5 days) by the Prussian blue reaction. 

Erythrophagocytosis i s  s t r i k i n g  i n  one instance (figure 6 and 7) 

The genc- 

ra l  problem has been discussed i n  the Summary a t  the beginning of t h i s  sec- 

t i o n  and will not  receive a spec ia l  mention i n  the text,  

the enlarged spleed, numerous plasma cells and la rge  spindle-shaped o r  

polygonal ce l l s  containing prominent eosinophilic granules are found through- 

I n  the  case of 

out t he  organ. 

5 

+3ich9-A* R,, Lewis, M, RO, 
Fhocyte i n  the Body's Reacti-on t o  Foreign Protein, as establi 
? dsnt i f ica t ion  'of- t h e  Acute Splenic Tumor Cell. 1) 

:!.@tins Hospita 65: 311-328, 19 

Wintrobe, M. M., "The Activity of t h e  LGm- 

-- 
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c) TABLE 6. Hiroshima 

'GROUP I 

I 

0 

.\. 

Spleen 

111 112 122 Observations - 

Specimens Available 3 8 1 

W t .  less than 100 g. 1 of 2 

Rupture 

.Decrease of 
Lymphocytes 

Absence of Germinal 
Centers 

Atypical Mononuclear 
Cells 

Hyaline Change i n  - 
Vessels 

Heavy Plasma Cell  
I n f i l t r a t i o n  

Perif  c l l i  cular 
Hemorrhage 

3 

Ir of 6 1 

5 

6 

3 

1 

1 

1 . '  

1 

1 

- -28-(8) 28 



u Unfortunately, t he  dis tance is not known (f igure 9, - ses also f igu re  lo). 

A s  early as t h e  f i f t h  day l a rge  c e l l s  with t h e  morphology of lymphoblasts 

o r  more b izar re  elements resembling the  a typica l  c e l l s  seen i n  the  spleen 

a r e  suspended on the reticulum (f igure 11). 

found i n  mitosis,  

An occasional l a rge  c e l l  is 

TABLE 7. Hiroshima 

GROUP I 

Lymph Nod3s 

Observations 111. 1 1 2  1 2 2  

Specimens Available 

Decrease of 
m p h c  cyt  e s 

Absence of Germinal 
C eriter s 

0 b 0 

3 

3 

Atypical Mononuclear 
Cells 

Ron6 Marrow 
-- General Remarks: A s  j u  

imtances and confirme'd 

lesions,  hypoplasia of b 

the  appearance of femoral marrow i n  two 
- -  

e l l u l a r  exudates i n  infected- 

rrow may- occur 5 s  early as t h e  s i x t h  day 

. 1-29-(8) 29 
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n . 

and probably. e a r l i e r , , ,  There i s  already evidence of s l i g h t  p ro l i f e ra t ion  

of reticulum and of t he  formation of plasma-like ce l l s .  S te rna l  msrrow 

shows a s i m i l a r  hypoplasia or  by the  end of the second week there may be 

a foca l  reticulum hyperplasia of remarkable d'egreea 

marrow a s  seen h is to logica l ly  i s  co,nfirmed a l s o  by s t e r n a l  asp i ra t ion  i n  

The hypoplasia of 

pa t i en t s  who may be assumed t o  have received a considerable dose of rad ia t -  

ion, 

I n  other  pat ients ,  i n  l i k e  circumstances as t o  dis tance from the  bomb, 

whose lymphoid t i s sue  has become atrophic, the bone marrow under the s t i -  

mulus of in fec ted  burns may ac tua l ly  show a hyperplasia before t h e  15th 

day. The capacity o r  i n a b i l i t y  of these marrows t o  produce leukocytes f o r  

del ivery i n t o  t h s  l e s ions  i s  indicated by t h e i r  presence o r  absence i n  ob- 

viously infected burns o r  other  les ions;  e i t h e r  condition may exis t .  

may be t h a t  such pa t i en t s  would have been among the  survivors had the burns 

not occurred. 

It 

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

One specimen of marrow (figure 1 2 )  is  avai lable  from a 39-year-old 

man who died on t h e  s ix th  day (Key No. 5 ) .  

derived from a long bone, 

Unfortunately, the mater ia l  i s  

e r  the hxnerus of  femur, r a the r  than from a 

xyl in  and eosin preparat  

plasm and pyknot 

ey have wine-colored, deeply s ta in ing  byto- 
. .  
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between them and the large stellate elements-of the reticulum. Some 

of 

with erythrocytes. 

these exhibit the phagocy-bic propesty since their cytoplasm is filled 

Occasionally a cell resembling a reticulum cell is 

found to have an enormous mass of cytoplasm and a much-folded vesicular 

nucleus. These cells are not nearly as large as the megakaryocytes and 

their cytopl-asm is more basophilic, 

is nothing that suggests well-functioning hematopoietic tissue. 

Only a rare myelocyte is found. There 

Evidence of the insufficiency of hematopoietic tissue in this case is 

the total absence of leukocytes in a 

28?. 

- Subgroup 112: 

small portiori of burned skin (figure 

(Within 1500 meters; burns). 

The material removed from a long bone in Key No, 6 closely resenbles 

the tissue just described and there are lfkewise no polymorphonaclear 

exudates in the burn. 

In a specimen of marrow from the sternum (Key 98, figure 13), the resi-. 
- 

dual tissue is slightly richer in cells, but their morphology is similar, 

Nny plasma cells are found in long strings, applied adventitially to the 

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

-31- (8) 
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In  Key 11 and Key 12, stated t o  have been a t  1200 meters and 700 

meters respectively, there  i s  hyperplasia of the  marrow i n  the long bones 

with s h i f t  t o  the l e f t ,  

been correct ly  s ta ted,  t h i s  occurrence represents an individuA1 variat ion I 

i n  responser 

been among the  survivors. . 

Granting the posi t ion of these pa t ien ts  t o  have 

Had there been no burns these pa t ien ts  probably would have 

TABLE 8, Hiroshima 

GROUP I 

Bone Marrow 

Observations 111 1s2 12 2 

a 

Long Bones 
Specimens Available 1 

a. Hypoplasia 1 

b. Marked Focal Reti- 
culum hy-perplasia 

C. Focal Myeloid 
Regeneration 

d, Marked m e l o i d  
Hyperplasia 

3 1 

1 

2 “ 1  

Fla t  Bones. 

d. Marked Myeloid 
Hyperplasia 

*Includes case i n  which distance is not  s ta ted ,  
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GROUP 1 

Gastrointest inal  Tract 

General Remarks: The most notable changes i n  the gas t ro in t e s t ina l  tract  

are the atypical mitoses i n  t h e  eph i the l i a l  c e l l s  observed i n  the  in tes -  

t i n e s  of ce r t a in  pa t i en t s  dying before the  seventh day, 

semble l e s ions  found i n  animals. 

change may be observed is probably br ie f .  

. I  

They closely re- 

The period of time during which t h i s  

It is not found i n  Hiroshima 

pa t i en t s  t h a t  came t o  autopsy a f t e r  the seventh day, The a typ ica l  c e l l s  

apparently d i e  quickly and are  replaced. 

Occasional u lcera t ive  les ions  a r e  found i n  the small and l a rge  in tes -  

t i nes  toward the eighth day. 

a s  t he  r e s u l t  of t h e  destruct ion of port ions of t he  epithelium but the leu-  

kipenia which i s  present i n  some pa t i en t s  a t  t h i s  time i s  probably a l s o  an 

important factor .  

Some of these u lcers  may have had t h e i r  o r ig in  

In  one pa t i en t  a t  Nagasaki (Key No. 175) who died on the 11th day 

a f t e r  t h e  bombing and whose dis tance from the  center i s  unknown, there  can 

be seen, despi te  some postmortem changes, b izar re  e p i t h e l i a l  c e l l s  a t  the 

d by typ ica l  epithelium. 

ure 17a) . . Focal nec- Most of the c e l l  

r o s i s  of t he -  Bacter ia l  masses 
/ 

he supe r f i c i a l  p a r t s  

o leukocytes of t h e  underlying subqucos 

he absence of %tie leu; 

o the  pathogenesis >f the  

3 
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l es ions  i n  t h i s  case. 

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

Stomach: Petechiae are seen grossly i n  twu cases. Only one h is to-  

l og ica l  sec t ion  is  avai lable ,  

t a i n  very many plasma-like c e l l s  whose number decreases a s  t he  muscularis 

mucosae i s  approached. Some of  t he  e p i t h e l i a l  cells near the surface are 

spindle-shaped and shrunken, and occasionally t h e i r  nuclei  are gigant ic  

and hyperchramatic. 

d i f fe ren t ia ted .  

a r e  s i t ua t ed  below the muscularis mucosae. 

The outer pa r t s  o f  t h e  mucous membrane con- 

Deeper i n  the mucosa the  acid and chief c e l l s  a r e  w e l l  

A few very small f o c i  composed of small mononuclear c e l l s  

,Small Intest ines:  No l e s i o n s  are described grossly i n  any of t h e  three 

cases i n  t h i s  group. Microscopically, i n  two cases who died respect ively 

on t h e  fourth and s i x t h  day a f t e r  the bombing, there  are remarkable changes 

i n  the i n t e s t i n a l  epithelium. The following is a descr ipt ion of the les ion  

i n  Key No. 5 (died 6th day). 

I n  a sec t ion  of ileum the  supe r f i c i a l  p a r t s  of the l a d m  propria  are 

intensely congested. The epithelium of t h e  surface has i n  part sloughed. 

That which remains is extremely i r regular .  

spindle-shaped and some possess vesicular  nuclei  with l a r g e  clumps o f  chro- 

Many e p i t h e l i a l  cells  are 

matin and irregular masses of basophi l ic  cytoplasm (figure 15 and 16). 

m a l l  Pynphocytes are l e f t  i n  the  mucosa and there  are r e l a t i v e l y  la rge  

n:ix3ers of plasina c e l l s  together with reticulum ce l l s .  

ellerratxs- Ulceration has n o t  occurred. The changes i n  t h e  in t e s t ines  

Few 

The submucosa i s  

of Key Eo.- 2, died 6th day, are similar.  A t r i p o l a r  mitosis is i l l u s t r a t e d  

(f igure 17). 
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Colon: In Kef No, 9, supe r f i c i z l  ulders of the  la rge  in t e s t ine  

covered with fibrinous material  a r e  described, 

a r e  not available,  

Submoup 112: 

Unfortunately, sections 

(Within 1500 meters; burns). 

Stomach: ,Petechiae again a re  common. In  one burned pat ient  (Key No, 8 )  

there  i s  an acute ulcer  of  the cardia of which there is no h is to logica l  

section, 

Small Intest ines:  A super f ic ia l  ulcer  and hemorrhage are found once. 

There is only one case i n  which there  a r e  even suggestivcly a typica l  m i -  

toses  and large bizarre  nuclei  i n  the e p i t h e l i a l  c e l l s  (Key No. ll). 

Large In tes t ines  : Superf ic ia l  u lcers  (his tological  sections not avail-  

able) a r e  described i n  one case. A l l  of these super f ic ia l  ulcerat ive le-  

sions are fou,ad i n  pa t ien ts  dying on the seventh day or  l a t e r .  

GROUP I 

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

Grossly, i n  all three cases the  organ is  of the  usual size. 

Microscopically, the c e l l s  appear f i n e l y  granular and display no f a t t y  

The nuclei  of some of the c e l l s  near the per icentral  vein are changes. 

l a rge  and hyperchromatic. The cent ra l  ends of the hepatic c e l l  cords a r e  

narrower end the sintisoids here are more widely d i l a t ed  than elsewhere. In  b 

zll t:hxt? instacces the  walls of  many cent ra l  veins appear t o  be thick and 

t o  c o n s k t  of b a s e l y  arranged collagenous material which extends outward - 9 ’  
s 

i n  strands ammg the c e l l  cords ( f igure 18). This change ,is interpreted t o  - 
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u -  - TABLE 9.  Hiroshima 

GROUP I 

Gastrointest inal  Tract 
- 

Observations 111 1 1 2  1 2  2 

- 
Stomach 

Specimens Available 

(Gross) 3 

1 ( H i s  t o l  ogi c ) 

Petechiae 

Acute Uloer 

Plasma Cell  I n f i l t r a t i o n  1 

Atypical E p i t h e l i a l  Cells 1 

/ \  Small In tes t ine  
Specimens Available 

(Gross ) 8 1 2 

2 (Microscopic) 5 1 

Ulcers and Hemorrhage 

Atypical E p i t h e l i a l  C e l l s  
and mitoses . . 23SC 1 

Pet e chiae 1 

- 
1 

Large In t e s t ine  
Specimens Available a 

' l* Superf ic ia l  Ulcers 1%- 
, 

Additional 
Ascariasis 3 2 7 

+Gross O n l y  . 
-%*There i s  a l s o  a Nagasaki case with similar changes i n  the epithelium 

together with ulcers  of t he  in t e s t ines .  



I 

be -the resu l t  of edema, The Kupffer c e l l s  are not  s t r ik ingly  enlarged 

nor do they contain unusual quant i t ies  of pigment, 

Subgroup 112: (Within 1500 meters; burns). 

A common feature  i s  the absence of fa t ty  changeo The cytoplasm of the 

There i s  s l i g h t  congestion of t h e  sinus- 
-t, 

hepat ic ' ce l l s  i s  f i n e l y  granular. 

<-, 

oids a t  t h e  c e n t r a l  ends. The significance of t h i s  is d i f f i c u l t  t o  assess. 

TABLE 10. Hiroshima 

GROUP I 

Liver 

Observations 111 1 1 2  1 2  2 

-- - - 
Specimens Available 3 8 1 

i j  
Giant Nuclei i n  Peri- 

cen t ra l  Hepatic Cells 3 1 

Central Congestion 

(Slight ) 3 8 

Edema of Per i sen t ra l  
Connective Tissue -.. 3 

. . _  . ~ ~.~ . . . . .  . . .  . ,  
. .  

. . .  

1 

Heavy Plasma C e l l  I n f i l -  
t r a t i o n  of Por ta l  Zonbs 

SL 

General Remarks: There ar -ass or microscopic les ions i n  the pancreas. .. 

r 
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u GROUP I , 

Kidneys 

-9. 

Subgroup 111 : (Within 1500 meters; burns) . 
Hemorrhag-s a r e  observed beneath the  mucous membranes of ,,-e pe lv is  

i n  two instances;  otherwise, there i s  nothing remarkable grossly i n  the 

three specimens avai lable ,  

Microscopic: Except f o r  evidence of cloudy swelling of the  e p i t h e l i a l  

c e l l s  of the convoluted tubules i n  two cases, there  a r e  no s ign i f i can t  

changes, The blood vessels  do not  contain f ibr inoid ,  o r  hyaline mater ia l ,  

In  the  sicusoids of t he  cortico-medullary junction i n  one sect ion 

(Key No, 9# f igure  19) there a r e  remarkable col lect ions o f  small and l a rge  

mononuclear elements. Some a r e  small and have almost spherical ,  deeply 

basophilic nuclei  and scanty remnants of basophilic cytoplasm. 

semble small lymphocytes, 

These re-  

Other c e l l s  a re  much l a rge r  and have r e l a t ive ly  

0 greater  quant i t ies  of deeply hematoxylinaphilic cytoplasm, The nuclei  of 

such c e l l s  of ten  have'coarse clumps of chrornatin. Such c e l l s  resemble 

b l a s t s ,  l'lingled with these a r e  very la rge  c e l l s  which lave  l a rge  masses 

of neutrophilic,  a t  times vacuolated, cytoplasm t h a t  encloses a s m a l l  

f l a t t ened  or bean-shaped nucleus Such c e l l s  resemble macrophages. Occa- 

s iona l ly  some of t h e  la rge  basophilic elements appear t o  be at tached t o  

the w a l l  and here they a r e  f la t .  

t h e l i a l  cells i n  process of becoming detached and rounded, 

They give the impression'of being endo- 

Occasionally, 

a c e l l  i s  found i n  mi tos i s  

appearance of mature normoblasts 

Thcre a re  no cells- %ong these t h a t  have the  - 
Ther is a l s o  no evidence of spec i f i c  

a c e l l  i s  found i n  mi tos i s  

appearance of mature normoblasts 

Thcre a re  no cells- %ong these t h a t  have the  - 
Ther is a l s o  no evidence of spec i f i c  

c 
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granulation of cytoplasm to suggest t h a t  these groups a re  meylocytes. 

Their significance is d i f f i c u l t  t o  assess, 

conditions, as i n  scrub typhus-%. 

Subgrbup 112: 

They have been noted i n  other 

(Within 1500 meters; burns). 

The usual gross description is t h a t  the kidneys are pale and s l igh t -  
A 

ly swollen. 

of the pelves and microscopioally, the evidence of cloudy swelling is 

Usually there are minute hemorrhages beneath t h e  epithelium 

? st r iking.  I n  two instances, (Key No, 11 and 12) the pecul iar  mononuclear 

c e l l s  found i n  the cortico-medullary sinusoids are again v i s ib l e  (figure 

20). In one pa t i en t  who had severe burns (Key 11) there is a very heavy 

plasma c e l l  i n f i l t r a t i o n  about the glomeruli. These c e l l s  occur also in- 

la rge  numbers elsewhere i n < t h e  tissues of t h i s  patient,  a s  i n  the spleen 

, and even i n  the heart .  

4 

rs; 
TABLE 11. Hiroshima 

GROUP I 

Kidneys - 

Observations 111 . 112 122 

(Gross ) 3 8 0 
Specimens Available 

(Microscopic) 

Hemorrhages of Pelvis 

2 

2 

7 
6 

. -. 

Cloudy Swelling 2 7 

i n  Corti-co-medullary Sinusoids 1 2 

Heavy Plasma Cell I n f i l t r a t i o n  1 

i 

Small and Large Mononuclear Cells 

-c 

-%Allen, A. C., & Spitz, S., "A Comparative Study-of the Pathology of Scrub 
Typhus (Tsutsugamushi Disease) and other Ricket t s ia l  Diseases". Am. J, 
Pathol'., - 21: 603;681, 1945. 
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3 GROUP I -- 
Ureters and Bladder 

There a re  no remarkable changes i n  the ure te rs  o r  bladder. 

GROUP I 

Testes 

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

Grossly, the tubules s t r i n g  out easi ly .  

changes i n  the s i ze  o r  consistency of the tes tes .  

able  i n  two cases. 

There a r e  no apparent 

Descriptions are avai l -  I 

That of Key No. 2 follows: 

Microscopiaally, even a f t e r  four days, there a r e  s t r ik ing  changes . 
The germinal epithelium has la rge ly  sloughed from the basement membranes. 

I n  these membranes, there  a re  now masses of S e r t o l i  ce l lg  which i n  some 

pla'ces form an almost continuous sheath, 

lumina of t h e  tubules. 

l a t i v e l y  f e w  spermatids and spermatozoa (figure 21) . 
and t h e i r  der ivat ives  have pyknotic nuclei ,  

i s  not hyperplastio, consists of la rge  vacuolated polygonal c e l l s  rep le te  

w i t h  f i n e l y  granular brown pigment. 

spermatogoa but  remnants of their .precursors  t h a t  have sloughed away i n  

Spermatogonia a r e  largely i n  the 

A few c e l l s  a r e  found i n  mitosis'and there a re  re- 

Many spermatogonia 

The i n t e r s t i t i a l  t issue,  which 
c 

The r e t e  t e s t i s  contains not only 

various stages of necrosis (figure- 22). 

Subgroup 112: (Within. 15 
I n  one instance, K 7, the  changes a r e  e n t i r e l y  analogous t o  

those described i n  Key n subgroup 111. I n - a w t h e r  case, . K f v  No. 12, 

the t i s s u e  i s  poorly-,pr 

detected. - 

but no de f in i t e  microscopic changes a r e  
. 6 

- .  



GROUP I - 
Ovaries c3 

b 

i 

Subgroup 112: (Wi5hin 1500 meters; burns). 

I n  one pat ient ,  aged 13, who may be assumed not t o  have passed the 

menarche, there  a r e  numerous primordial f o l l i c l e s  and small f o l l i c u l a r  

cysts  but no developing f o l l i c l e s  nor corpora albicant ia .  

A l l  of the pa t ien ts  i n  subgroup 111 a r e  male. 

GROUP I 

Brain - 
Subgroup 1110 (Within 1500 meters; no burns) 

Descriptions of two brains a re  recorded i n  the  protocols. Both show 

I n  one, there are s u p e r f i c i a l  contu- s t r i k i n g  congestion of t h e  vessels. 

s ions and hemorrhages i n  the occ ip i ta l  and temporal lobes and the cerebro- 

sp ina l  f l u i d  i s  blood tinged. 

Histologically even the Purkinje c e l l s  are well-preserved. 

\ 

This l e s i o n  i s  probably of traumatic origin. 

Neither cellu- I 

l a r  exudate nor g l i o s i s  is  i n  evidence. 

TABLE 12 .  Hiroshima 

GROUP I 

Brain 

Ob s e rva t i ons  , 111 112 12 2 

Specimens Available 
(Gross) 

(Microscopic) 

Congestion ' 

2 7 

2 

2 

5 

4 \ 

Multiple Contusions 
with hemorrhages 1 

Edema of pia  2 

Capillary hemorrhages 1 



a GROUP I 

r 

3 

c 

Adrenals 
I 

General Remarks: 

i n  the co r t i ca l  l ipo id ,  

Even i n  the ear ly  cases there  i s  evidence of a decrease 
> 

IGsome instances, the c e l l s  of the  zona glomeru- 

losa have become atrophic and edamatous collagenous tissue extends i n  the 

thickened septa among them, 

is  detected i n  the'adrenals,  

L i t t l e  change, except f o r  the loss of l ipoid,  

There is no a l t e r a t ion  i n  the s t ruc ture  of 

the medula. 

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

Grossly, the medulla i s  described as re la t ive ly  narrow i n  one instance,, 

Otherwise, the s t ruc tu re  ks sa id  t o  be typ ica l  with an abundance of l ipo id  

material  i n  the cortex. 

Microscopically, i n  the f i rs t  case of t h i s  subgroup (Key No, 2, died 

4th day) there i s  evident a s t r ik ing  atrophy of the c e l l s  i n  the zona glo- 

merulosa, Edematous collagenous material  extends inwards from the capsule 

i n t o  t h i s  layer.  The nature of t h i s  change is  s imilar  t o  t h a t  of the per i -  

central  t i s sues  of the l i v e r  (compare f igure ls), The remainder of the 

co r t i ca l  c e l l s  a l so  show r e l a t i v e l y , l i t t l e  vacuolation and have f ine ly  granu- 

l a r .  cytoplasm. 

rise 

There i s  abundance of f ine  brown pigment i n  the  re t icu la-  

The medullary substance is preserved i n  i t s  typ ica l  histology, 
i -. 

$ I n  another case, which is  not otherwise unusual, f ibrinous material  

has appeared i n  the septa  of the  areolar  t i s sues  t h a t  traverse the peri- 

adrenal f a t ,  
3 
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TABLE 13. Hiroshima 

GROUP I 

Adrenals 
Observations 111 112  122 

Specimens Available 3 6 1 

Atrophy of cortexst 1 3 1 

Fibrinous material  
i n  peri-adrenal f a t  

Heavy plasma c e l l  
i n f i l t r a t i o n  

1 

1 

Hyaline change of 

stUsually with spec ia l  involvement of the zona glomerulosa, 
capsular a r t e r i o l e s  1 

GROUP I - 
TlWr oid 

I n  material  from one case i n  subgroup 111, no changes a re  detected 

grossly or  microscopically. 

GROUP I 

Parathyroid 

One parathyroid from subgroup 112 is found t o  consis t  almost en t i r e ly  

of chief c e l l s  of t yp ica l  appearance 
i 

r, GROUP I 

Pi tu i t a ry  

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

Pitui tary:  Only one section is  available- (Key No, '2, 4 th  day). 
r 

Despite poor fixation, it can be established t h a t  there  i s  predominance 



of acidophi l ic  c e l l s  among t h e  .chromophiles, which is  t o  be expected i n  u a 24-year-old man. 

Subgroup 112: (Within 1500 meters, burns) 
n 

L 

4 

Two specimens are available,  one from a female and L e  other  from 

In  both of these there  i s  a predominance of acidophi l ic  ce l l s .  a male, 

Fd GROUP I 

Thymus 

(Within 1500 meters; burns) , * 
Subgroup 112: 

In te rpre ta t ion  of changes i n  the thymus always is  d i f f i c u l t  but the 

appearance of t h e  organ i n  a 13-year-old boy dying on the t h i r d  day i s  

compatible with t h a t  of the lymphoid t i s sue  (Key No, 1, figure 214). 

connective t i s s u e  i s  edematous. 

The 

The lobules  of parenchyma cons is t  of  s t e l -  

* l a t e  r e t i c u l a r  elements supporting small c e l l s  with ovoid nuclei  which l i k e -  , 

wise have s t e l l a t e  processes , 

lymphocytes a re  ra re .  

ules  in”the cytoplasm also a r e  occasionally found, 

a r e  numerous but small. 

and some have become ca lc i f ied ,  

Small round c e l l s  indistinguishable from 

Occasional mononuclear c e l l s  with eosinophilic gran- .. 
Hassalt s corpuscles 

They a re  anuclear a t  t h e i r  centers  i n  most instances, 

In  other. specimens from t h i s  group, according t o  the  gross descriptions,  

almost t o t a l  atrophy of the organ has occurred, 

I GROUP I 
t 

Neck Organs 

Remarkable changes have occurred i n  the epithelium of t h e  pharynx, 

* tonsils, tongue and esophagus, i n  Key No. 98, Unfortunately the I 

I distance and exposure of t h i s  p a t i e n t  a r e  unknown, All t h a t  is  known 
* 

4 

of the  c l i n i c a l  h i s t o e  is t h a t  he suffered trauma and-burns. It may be 

presumed from the appearance of the lymph nodes (fig-we 9) and of the 13 
44 , I -44- (8) 
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s, 

t 

sternal bone marrow (f igure 13) t h a t  a massive dose of ionizing rad ia t ions  

was received. 

In  the pharynx the e p i t h e l i a l  c e l l s  have become remarkably swollen, 

Much o f  t he  ep5thelium 
\ 

vacuolated and gragmented, as have t h e i r  nuclei. 

has become desquamated. The connective t i s sues  a re  tremendously adematous 

and there  i s  wide lymphectasia. Scattered plasma c e l l s  and la rge  mond- 

nuclear c e l l s  occur i n  the  a reo lar  t i s sue .  The lymphoid t i s s u e  has become 

remarkable atrophic here as elsewhere. 

I n  the  tongue the ei i thel ium consis ts  of tremendously swollen, bizarre ,  

e p i t h e l i a l  cells, with no d e f i n i t e  c e l l  bouhdaries. The nuclei  of many 

have become multi-lobed and within each lobe there i s  a prominent nucleolus. 
t 

Micronuclei are present  i n  some la rge  ce l l s .  The c e l l  boundaries a re  no 

longer d i s t i n c t .  Some ce l l s ,  however, have become separated from t h e i r  

neighbors and appear as  r e f r a c t i l e  homogeneous acidophi l ic  masses. Thick 

layers  of parakeratot ic  mater ia l  a r e  present  on the surface. In  the  con- 

nective t i s sue  underlying the epithelium there a re  d i l a t e d  lymphatics and 

small c losely crowded spindle shaped f ibroblas t s .  

The e p i t h e l i a l  c e l l s  l i n i n g  the  crypts of the t o n s i l s  show changes 

s imi la r  t o  those seen i n  the  pharynx. Here a l s o  a r e  vesicular  nuclei  con- 

4 ta ining multiple knots of chromatin. There i s  remarkable a l t e r a t i o n  of t he  

lymphoid t i s sue  which i s  represented la rge ly  by compacted, spindle-shaped 

elements of the  reticulum, upon which a re  suspended only a very few mature 
4 

lymphocytes. The t o n s i l l a r  substance has not become necrotic. - 
There a re  remarkable changes i n  the esophagus. The squamous epithelium , 

a t  the  surface i n  many places has been replaced by a purple s ta ining’dul l  
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,. 

nociTotic material,' Only the swollen remains of a few squamous cells can 

still be distinguished. 

edema, but no leukocytic infiltration, 

In the immediately undsrlying tissue there is 

The edema extends among the bundles 

of striated muscle at the upper end of the orgai. 
f 

Discussion: These 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. 
atypical epithelial cells or mitoses in the stomach, which represents the 

In this case, however, there were no 

only portion of the gastrointestinal tract available in histologic p r e p -  

Unfortunately, skin unaltered by thermal burns is not available from 

this case nor from others with similar exposure in Group I. 

one portion of skin near an ulcerative lesion is atypical., but the 

In Group I1 

changes 

arc not the  same as those described here (see  figures 134 a,'b, and e.). 

The findings represent the effect of deeply penetrating radiations, 

. In sections of the tonsils from another case, subgroup 112, Key No. 4 ,  

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

46 



Examination of s l i g h t l y  burned skin shows t h a t  depigmentation is  Ls 
not necessar i ly  associated with destruct ion of the epithelium, 

margins of such les ions  there  i s  hyperpigmentation of the basa l  layers.  

The t i s sue  response t o  the burns i n  most cases i s  ap las t ic .  

Subgroup 111: 

A t  t he  

3 

(Within 1500 meters; no burns). 

t 
I n  a sect ion from a small burned area from the skin of the  face, re- 

markable changes have occurred (figures '28 and 29) . The epithelium has 

completely sloughed. 

cocci, 

and one clump i s  present  i n  a bundle of smooth muscle (erector  p i l i ) .  

On the homogeneous, d u l l  pink-staining masses of 

Some of i;hese occur i n  i s l e t s  as much as 1 rnm'below the  surface 

* 
i 

P 

I- 

* 

Squamous metaplasia has occurred i n  the ducts of the sweat glands. There 

appears t o  have been ac tua l  p ro l i f e ra t ion  of the c e l l s ,  many of  which are 

la rge  and ' irregular with tremendous vesicular  nuclei .  The a c i n i  of the 

sweat glands themselves show remarkable shrinkage of the  epithelium and 

i r r egu la r  thickening and compaction of the  basement membrane, i n  some 

cases with p a r t i a l  collapse of the acinus (figure 29); 

a leukocytic i n f i l t r a t i o n  i n  the  v i c in i ty  of t h e  bac te r i a l  masses. 

one small por t ion  of the surface a lrery t h i n  layer of squanous e i p t h e l i a l  

c e l l s  remains, These cells a r e  g rea t ly  swollen, some are multinucleated, 

and i n  some instances the vesicular  nu'clei contain very prominent chroma- 

t i n  knots. The loose t issue a t  a distance from the  surface i n  some places ' 

contains increased numbers of la rge  cells which are round o r  s t e l l a t e - a n d  

which i n  some places a re  surrounded by f i b r i n  o r  myxomatous material. 

They a r e  thought t o  be h is t iocytes  or  f ib roblas t s .  

Nowhere i s  there  

In  

Some of these elements 

5 
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a r e  present deep within the  subcutaneous t i s sue .  

ascribed t o  thermal e f f e c t  but  what d i r e c t  ro l e . r ad ia t ion  played i s  d i f f i -  

c u l t  t o  assess.  

i s  the  t o t a l  absence of leukocytic response t o  the  in jury  and t o  the bac- 

t e r i a  t h a t  a r e  seen i n  t h e  sect ion,  

These changes a r e  

The evidence of i nd i r ec t  e f f e c t  of t he  ionizing rad ia t ions  

Subgroup 112: (‘illithin 1500 meters; burns) . 
- Skin: I n  a sec t ion  from another case with l a rge  burns”(Key 3, died 

5th day, f igure  30) )  the  myxomatous, purple s ta in ing  mater ia l  among the  

collagenous f i b r e s  of the deeper layers  of corium is  remarkable, a s  a r e  the  

la rge  basophilic c e l l s  within it, Some have the granules of mast ce l l s .  

The t i s sue  ‘response appears t o  be la rge ly  monocytic. One vesse l  i s  found 

t o  have a necrot ic  w a l l  and a lumen f i l l e d  with a thrombus consisting 

l a rge ly  of f i b r i n  ( f igure 31) 

Where the burns a r e  more supe r f i c i a l  and there  has been less destruc- 

t i o n  of skin, the  changes a r e  s t r ik ing  not only i n  the  f a c t  of the minimal 

leukocytic response but  a l s o ‘ i n  the  nature of the pignentation (Key 4, died 

6th day, f igure 32 - 34). 

severely burned, the  epithelium a t  the sarfaoe is neccotic.and conttiibs 

I n  t h a t  port ion of the skin which has beemmore 

pyknotic nuclear remnants , perhaps of polymorphonuclear c e l l s  and l a rge  

.\, mononuclear phagocytes. Very few leukocytes a re  present  i n  t h e  adjacent 

corium and the  deeperJy ing  perivascular ,tissue. A t  t h e  margins of the 

* A  denuded area there  i s  a la rge  zone of depigmentation, vacuolation and 

d isar ray  of the  squamous e p i t h e l f a l  ce l l s .  

r e l a t i v e l y  well-preserved and i ts  basa l  layers  have become hyperpigmented. 

* \ 
d 

Farther away, the epithelium is  
* 

- 
More l a t e r a l l y  still ,  there  i s  a much l e s s  pigmented zone but there  i s  
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d3 again evidence of a more deeply penetrating burn. The zone of hy-per- 

- pigmentation corresponds t o  tha t  seen grossly i n  many c l i n i c a l  cases (see 
i 

Section 5 ) .  In  t h i s  pa r t i cu la r  case, however, there  has a l s o  occurred 

some i n ju ry  per ipheral ly  of t h i s  zone which precludes complete interpre-  

t a t i o n  of the gross appearance. 

destruct ion of epithelium is  unnecessary f o r  depigmentation t o  occur. 

e 
These observations ind ica te  t h a t  complete 

Even when a polymorphonuclear exudate is present, as i n  two pa t ien ts  

whose makow was hyperplastic, the  response i s  not as  vigorous as would be 

expected i n  normal individuals.  

the marrow despi te  the  hyperplastic appearance. 

This suggests a r e l a t ive  insuff ic iency of 

* 

3 

TABLE 14. Hiroshima 

GROUP I 

Skin 
(Burns) i 

111 112 1 2 2  Observations 

Specimens Available 

3 
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-- GROUP I1 

(Pat ients  dying during 3d, 4th, 5th and 6 th  weeks) 

General Remarks: 

as epi la t ion,  t o s t i cu la r  atrophy and par t icu lar ly  the  e f f e c t s  of damage t o  

I n  t h i s  group changes charac te r i s t ic  of rad ia t ion  such 

the bone marrow, despi te  - attempts of t h i s  t i s sue  t o  regenerate, are a t  

the  acme. The pathology i s  la rge ly  t h a t  of a p l a s t i c  anemia. 

are present i n  almost a l l  pat ients ,  often together with necrotizing gin- 

g i v i t i s  and pharyngitis. 

skin, mouth, pharynx, bronchi and lungs, and the gas t ro in tes t ina l  t r a c t  - 
become the  sea t  of f o c i  ofvnecrosis accompanied by hemorrhage, but with 

. plasma c e l l  o r  mononuclear leukocytic response, i f  any. 

measure i s  the result of leukopenia and thrombocytopenia, 

Petechiae 

All  surfaces t o  which bacter ia  may have access - 

This i n  la rge  

When bacter ia  

gain access t o  the t i s sues  they produce necrosis which does not spare 

the  blood vessels;  consequently hemorrhage is fur ther  increased, Hemor- 

rhages, however, occur apark from evident infect ion i n  such organs as 

the  kidney, 

The c l i n i c a l  observations i n  the group of pa t ien ts  from Hiroshima 

care su3marized i n  t ab le  15 a and b, Here all three survival groups a re  

compared, The high incide of hemorrhagic and necrotizing les ions i n  

Group I1 is  obvious. Tl ie s  

summary of t h i s  section, 

receivo l i t t l e  discussion i n  the t ex t ,  but are smnkrized i n  the tablea,  

The severe burn cases died ch ief ly  

the  bombing, 

. .  
ing tho  first two weeks following 
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GROUP 11. 

Heart - 
/ 

Epicardial  hemorrhages a re  usually present ( f igure 35) and occa- 
'I 

s iona l ly  there a r e  hemorrhages beneath the endocardium 

the neighborhood of ' the  conduction bundle (figure 3 6 ) .  

does not c l o t  upon standing is frequently found i n  the 

hear t ,  Perivascular hemorrhages i n  the muscular layer  

which may occur i n  

Fluid blood which 

chambers of the 

are' occasionally 

present and there  i s  sometimes edema of the perivascular connective t issue,  

as observed i n  the  specimens from the e a r l i e r  deaths. I n  f ive  instances, 

there is  seen immediately beneath the endothelial  t i s sues  l i n ing  the cham- 

bers an exudate of plasma c e l l s  sometimes mingled with or predominately 
- 

composed of small and la rge  mononuclear cells, 

i n  the myocardium, a s  shown i n  f igure 37. 

of previous #rheumatic" disease . 

These may a l s o  be present 

In  two cases there  is evidence 
- 

c; 

GROUP I1 

s 

Lungs - 
General Remarks: The cha 

necrosis of the lungs ce 

r i s t ic  les ion i n  Group I1 is tha,t  of focal 

upon minute bronchioles. These l i n ing  mem; 

necrot ic  and there a r e  surrounding b r i l l i a n t  

3 .  

r e  a re  usually'almo o 1.eukocytes in- these 
. 

lesions.  

Subgroup 211: . 

Generally- the paren 

a re  thickened and g e l a t i  

is  translucent and edematous and the septa 

s'shown i n  f igure 38. In  some instances 
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TABLE 16. Hiroshima 

L 

GROUP II 

Heart 

Observations 2 1 1  212 222 
- 

Specimens Available 

(Gross) 55 5 2 

(Microscopic ) 

Epicardial Hemorrhagesx- 

Endocardial Hemorrhageste 

49 5 2 

3 3. 

6 

3 

Fluid Blood i n  Chambers-% 8 2 

Perivascular Edema 4 
Perivascular Hemorrhages 

Focal Necrosis of &ocardium 

Plasma or  Mononuclear Cell 

of Myocardium . 7 

In f i l t r a t ion  of Myocardium 1 
% 

Thrombus i n  venule 

- 1  1 

1 

1 

Plasma or  Mononuclear c e l l .  
Inf i l t ra t ion  of endocardium 7 1 

Addi-t ional Diagnoses . -  

-5 Chronic Verrucous Endocarditis 2 

+Gross diagnosis 

9 
.l 

-7 
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dull yellow, gray or  gray-green f o c i  of necrosis predominate (figuros 

'- " 

.. 

0 

3 L 

'i 

' 

39 - 40) but i n  others,  hemorrhage may be the  outstanding feature ( f igures  

a, 42, 43) .  

gross inspection near t he  center of  the les ion.  

may be surrounded by massive hemorrhage a t  t h i s  s tage ( f igure  44.) so  

vigi lance i s  -necessary i n  gross in te rpre ta t ion ,  

But i n  each case a minute focus of necrosis i s  visible upon 

Even tuberculous les ions  

that 

The pleura is  usual ly  

the  seat of hemorrhagic extravasation, 

No, 21, figure 45, 

The following descr ipt ion of (Key 

appl ies  t o  most of these cases: 

There i s  a s t r i k i n g  degree of edema of the  pleura and peribronchial  

Also, see f igu re  46) 

and perivascular t i s sues .  The parenchyma shows l a rge  f o c i  of ne- 

c r o s i s  which a re  s i tua ted  about the bronchioles, whose lumina are 

f i l l e d  with a f i n e l y  granular, pink s ta in ing  material containing 

l a rge  clumps of -bac ter ia  which have coccal form and which take the  

hematoxylin s ta in .  

become completely necrot ic  and only a portion of the  basement mem- 

The l i n i n g  membrane of these bronchioles has 

brane is  still  recognizable, 

the  shadowy remnants of a lveolar  walls can be seen but i n  some 

places even these me not v i s ib le .  

I n  the  v i c i n i t y  of these bronchioles 

The alveoli are f i l l e d  with 

f i b r i n  enclosing numerous erythrocytes but no polymorphonuclear 

leukocytes are found. 

phagocytized, f i n e l y  granular brown pigment are scat tered throughout 

Occasional l a r g e  mononuclear elements with 

the  t issue.  
. .  . .  

. .  

' 
In  some cases the  a lveo l i  contain r e l a t i v e l y  few erythrocytes ,. 

but r e l a t i v e l y  more amorphous acidophi l ic  substance, and f i b r i n  i s  
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a prominent fea ture  (figure 47). A r g e  lood vessels  a t  the level. 

of sect ion a re  not obstructed by thrombi. I n  some cases the  l e s ion  

has a foca l  d i s t r ibu t ion  s o  t h a t  cer ta in  bronchioles a r e  l i ned  by 

perfec t ly  preserved e p i t h e l i a l  membrane. 

morphonuclear leukocytes are present ( f igures  48 and 49). 

Occasionally a few poly- 
r 

I n  several  instances, the w a l l s  of minute vessels were found t o  

be involved i n  necrosis of the  adjacent t i s sues  (figure 49). This may 

- be a source of bacteremia, 

I n  the few fnstiances where there  i s  a heavy polymorphonuclear 

exudate i n  the lungs, the bone marrow is found not t o  be hypoplastic. 

GROUP I1 

Spleen 

General Remarks: 

of atrophy which i s  sometimes extreme, occasionally with a l l  of the fea tures  

UsupLlly the malphighian corpuscles show various degrees 
il 

manifest i n  Group I a s  l a t e  as the 18th day a f t e r  the bombing (figures 50 and . 

51). Atypical la rge  mononuclear c e l l s  a r e  frequently seen. 

ever, there  a r e  ear ly  evidences of regeneration (figures 52 - 56) ,  The r e=  

generation is  of a remarkable type and appears t o  be associated with a con- 

I n  some, how- 

densation of syncyt ia l  spindle-shaped reticulum c e l l s  upon the recently a l -  

most naked cent ra l  a r t e r i c l e s  of the malpighian corpuscles. Occasional 

mitoses a r e  found among these reticulum ce l l s .  . Small lymphocytes a r e  seen 

i n  c lose assoctation with them and perhaps a r e  derived-from them. They ap- 

pear both between the syncytium and cent ra l  a r t e r i o l e s  but a l s o  i n  a halo 

external ly  of the former. In  some instances, among the cent ra l  groups of 

lymphocytes there a re  tiny knots of la rge  c e l l s  with more abundant cytoplasm 
0 



TABLE 17.  Hiroshima 

GROUP 11 / 

Lungs 

Observations . 2 1 1  212 222 

> .  

Sp e cimens Avail able 

Foca2 a t e l e c t a s i s  and 
emphysema 

Edema of i n t e r s t i t i a l  
t i s sue  only 

Edema f l u i d  of a l v e o l i  

Focal Parenchymal hemor- 
rhages and edema 

57 

1 

1 

1 

lla 

5 

1 

Focal a p l a s t i c  pneumonia 32 1 

Focal necrotizing pnaumoriia 
wi th  polymorphonuclears 3 2 

Focal tuberculous pneumonia L 

Fibrinous p leur i sy  4 1 

Fibrinopurulent p leur i sy  1 

Hemorrhage i n  p l eu ra l  cav i ty  I 

2 I 

1 

Serous effusion 1 

Ascaris i n  pleura I 1 
AdditioQal Diagnoses 

13 1 
\ Fibrous p leura l  adhesions 

-Healed tuberculous f o c i  . 6 

Organizing tuberculous pl 1 

Tuberculosis of h i l a r  lymph nodes 2 2 

a. Six of these patients'had severe u lcera t ive  e n t e r i t i s  and f ive  
others necrotizing t o n s i l l i t i s ,  



germinal center c e l l s  i n  typ ica l  lymphoid f o l l i c l e s .  

prominent i n  the th i rd  stage ( a f t e r  the 6 th  week). 

l i k e  t h a t  o f  t h e  

They become more 

Such c e l l s  resemble those.of the  r ing  of reticulum a t  the periphery but 

a r e  more rounded. They a re  par t icu lar ly  well seen i n  f igure  56. 

TABLE 18, Hiroshima 

GROUP I1 

Spleen 

Observations 211 212 2 22 

Specimens available 51 

Perisplenic adhe s i  ons 4 

Decrease of lymphocytes 48 

Absence of germinal centers 49 

Abypical mononuclear c e l l s  13 

Heavy plasma c e l l  i n f i l t r a t i o n  7 

In fa rc t  
, 

? 

Regeneration with pe r i fo l l i cu la r  
condensation of reticulum 8 

r 

GROUP I1 

Lymph Nodes . 

-9 General Remarks : The features  of She lymph nodes i n  t h i s  sta'ge 

lymphocytes and germinal centers and diffuse 

' -  ' i n f h  ion  of * -  the node typ ica l  la rge  .mononuclear o r -  plasmacytoid ele-  

~- a r e  disappearance of the s 

* ?  5 

a r s  g r e a t l i  larged on account of the 
e" c 

? large numbers of these ce l l s ;  usually the nodes a r e  small or  of- the.usual  size.  
I 
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Germinal centers a r e  only ra re ly  preserved 

there  i s  disappearance not only of the germinal 

i n  the  nodes. Usually 

centers but also of the 

typ ica l  small lymphocytes, The bare r e t i cu la r  skeleton found i n  some of  the 

e a r l i e r  cases only r a re ly  p e r s i s t s  a s  such a s  l a t e  as %he 3rd week (f ig-  

ure 58); usually there a re  many a typica l  large ce l l s ,  some resembling lym- 

phoblasts, (f igures 59 and 60), some with plasmacytoid charac te r i s t ics  arid 

others representing very bizarre  polymorphous der ivat ives  of the reticulum, 

(figures 61 and 62) occasionally with the  morphology of Reed-Sternberg ce l l s .  

The last mentioned a re  well seen i n  Key No, 28 (figure 63). 

s ta ins ,  the  cytoplasm of these c e l l s  i s  deeply basophilic. 

nant of t-ypical lymphoid t i s sue  i-n the node. I n  some places the reticulum. 

cells have pro l i fe ra ted  and there a re  elements intermediate between bizarre  

mononuclear c e l l s  with folded nuclei and the elements of the  reticulum, 

Plasma c e l l s  of a l l  s i ze s  a l s o  a r e  present. In  the Fiemsa-stained pre- 

paration numerous typ ica l  eosinophiles and many large basophilic elements 

with i r regular  granules a re  present. These correspond t o  mast ce l l s .  

Spindle shaped elements resembling the mme typica l  rounded mast c e l l s  a r e  

a l s o  found, 

In  the Giemsa 

There i s - n o  rem- 

GROUP I1 . 

Bone Marrow 

General Remarks: The tiss vai lable  i s  uni ince r e l a t ive ly  l i t t l e  is  

known concerning the effec 

t o  the  whole body upon the  

capacity of the  maryow fol. 

remarkable regenerative 

apparent i n  t h i s  material. 
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TABLE 19, Hiroshima 

GBBUP I1 

Lynph Nodes 

Observations 211 212 222 

Specimens Available 1 

Marked enlargement of nodes 2% 2 1 . 
Decrease of Lymphocytes 36 

' .  Large Nodes composed of typical 
lymphocytes, but without gemhbal 
centers 1 

Absence of germinal centers. 36 

Germinal centers present 2 

Atypical mononuclear cel ls  25 1 

Additional Observations 

Tuberculosis 2 

1 

Bacterial masses in node, with 
necrosis 2 

*Key Numbers 22 and 23. 

There is evidence of d i r e c t  transformation of reticulum into myelocytes 

into plasma cells or 

the structure of 

nalpunktion, 236 pp. 
Berlin, G, Thieme, 1940, 
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Grouping of t h e  Materialt  

days a f t e r  the bombing there  i s  increasing evidence of t h e  capacity o f  t he  

I n  pa t ien ts  dying between t h e  15th -and 40th 

marrow t o  regenerate despi te  the extreme depths of hypoplasia t o  which it 

may fa l l .  

c e l l s  which appear t o  d i f f e ren t i a t e  i n t o  plasmacytoid- and lymphocytoid e l e -  

There i s  p ro l i f e ra t ive  a c t i v i t y  on the p a r t  of t he  reticulum 

ments a s  well  a s  i n t o  b l a s t  cells o r  myelocytes. I n  many of the  marrows of 

t h i s  group, the d i f fe ren t ia t ion ,  i f  any, i s  predominantly i n  the f i rs t  two 

d i rec t ions ,  These marrows may be grouped according t o  the  degree and type 

of regeneration as follows: 

. A. Marrows showink marked hypoplasia. 

h 

B , 

C, 

D. 

Marrows showing marked f oca1 reticulum .,yperplas,a. 

Marrows shoT&ng foca l  myeloid regeneration. 

Marrows showing marked myeloid hyperplasia, 

These groups w i l l  now be discussed i n  turn: 

Type A. Some marrows s t i l l  r e t a i n  the almost t o t a l l y  a p l a s t i c  character 

exhibited i n  the  first stage, with only minimal evidence of the p ro l i f e r -  

a t ion  of reticulum and of the formation of varying numbers df plasma- 

cytoid and lymphoid cells. ,This process is  observed even i n  the  ribs,  stern- 

um and vertebrae (figures 6G and 69). In some instances the  reticulum begins 

t o  form t h i n  sep ta  of pro l i fe ra ted  t i s sue  among the f a t  ce l l s .  There i s  some 

evidence of different ia tkon i n t o  plasma c e l l s  and lymphocytes, or  rarely and 

t o  a very s l i g h t  extent , . ido 'myeloid elemsnts. Some of t h e  reticulum c e l l s  

tend t o  round up and t o  become divorced from t h e i r  fellows while the nuclear 

membrane becomes th icker  and knots of chromatin become more prominent i n  

some of t h e  l a rge r  cells, Tfie chromatin tends t o  clump a'c the  periphery 

I 

1 

-61-( 8) 61 



3 - 
and a l l  t r ans i t i ona l  stages can be demonstrated between such elements and the 

typ ica l  ovoid plasma c e l l s  on the one hand and the reticulum c e l l s  on the 

other (figure 68). 

almost completely disappeared or they may be represented by small s t e l l a t e  

In  m o s t  of the a p l a s t i c  cases the megakaryocytes have 

elements with very vesicular nualei  and acidophi l ic  cytoplasm about which 

f i b r i n  tends t o  be deposited, 

p e r s i s t  despi te  extreme atrophy of t he  remainder of t h e  t i s sue  (figure 69). 

In  some instances, even they have a l l  but disappeared (figure 51). 

cally,  these pa t ien ts  a l l  have a profound leukopenia and a moderate or 

Islets of erythropoiesis, however, often 

C l i n i -  

severe.  anemia (see tab le  1%). 

Type B, In  another type, which d i f f e r s  only quant i ta t ively from t h a t  

j u s t  described, there i s  a s t r ik ing  foca l  hyperplasia of the. reticulum and 

plasma c e l l s  and lymphocytes may a l s o  be prominent i n  the ce l lu l a r  populat- 

ion. There may a l s o  be the e a r l i e s t  evidence of d i f f e ren t i a t ion  i n t o  mye- 

l o i d  ce l l s .  In  pa r t  the marrow is  hypoplastic but elsewhere, par t icu lar ly  

nsar the trabeculae of bone, there has occurred tremendous pro l i fe ra t ion  of 

la rge  s t e l l a t e  ce l l s ,  whose nuclei vary somewhat i n  morphology (figures 71- 

74 and 76-79). 

. 

Many a r e  large and ovoid i n  shape, with t h i n  nuclear mem- 

branes and de l i ca t e ly  r e t i cu la r  chromatin. Others have somewhat thicker 

nuclear membranes and more prominent knots of chromatin. Despite the ste- 

l l a te  shape of the associated cytoplasm these resemble the nuclei  of plasma 

c e l l s  and there  a r e  a lso rounded la rge  c e l l s  whose‘general morphology i s  

.plasmacytoid and some t h a t  resemble lymphocytes more than plasma ce l l s ,  

A few celbs with scanty basophilic cfloplasm, thick 

a 

-3 

, 9  (figures 73 - 77). 
% 
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_- 
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nuclear membranes and prominent nucleol i  a lso are present which are 

thought t o  be b l a s t  c e l l s  (figures 74 and 79). They are r e l a t i v e l y  few. 

I n  Giemsa-stained smear preparations some c e l l s  a r e  found t o  contain the 

f i n e  violet-s ta ining granules of undifferent ia ted myelocytes. Metamyelo- 

cytes a re  extremely rare. 

d i r e c t l y  from the  s te l la te  c e l l s  of the reticulum is the presence of c e l l s  

Evidence f u r  the or ig in  cf the  myelocytes 

t r a n s i t i o n a l  between the  two, which contain very f e w  granules ( f igure 75) .  

The basophilic b l a s t  c e l l s  a r e  rare. 

prominent basophilic granules c losely resembling those o f  the lymph nodes 

There a r e  a few mast cells with 

of t h i s  case. 

during the  examination of t h i s  sec t ion  (f igure 64). 

l a rge  and small c e l l s  with complexly folded nuclei  ( f igure 63). 

A few small i s lands  of erythropoiet ic  t i s sue  a l s o  a r e  found 

There are a l s o  some 

Many of 

i 
e!” 

‘ \  

these have t h e  morphology of megakaryocytes, but  some of t h e  smaller are 

intermediate i n  appearance between these and reticulum c e l l s .  

Bacteria are found i n  two cases, s t rep tocc i  i n  one (figure 82) and 

I n  the  l a t t e r  t h i n  elongated b a c i l l i  i n  t h e  other ( f igures  83 and 84). 

there  is necrosis  of t he  t issue.  There i s  no leukocytic i n f i l t r a t i o n  i n  

e i t h e r  instance. 

cases demonstrate t he  occurrence of bacteremia, which probably was common 

terminally i n  associat ion 

This t i s sue  was w e l l  f ixed  shor t ly  a f t e r  death. These 

the  leukopenia . 
To some, the  tremendo oca1 hyperplasia of-ret iculum c e l l s  t h a t  may 

occur has suggested the  appearance of f+eticulo-endotheliosisff o r  leukemia. 

I n  t h a t  instance, involvement of t he  lymph nodes o r  other  t i s sues  r i c h  i n  

reticulum cells would be expected. I n  a l l  cases wherg WType BI1 marrow was 
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L 3 '  encountered, however, the  Kupffer c e l l s  of the  l iver  showed l i t t l e  e l se  

than a moderate degree-of erythrophagia and hemosiderosis and there  was 

no unusual p ro l i f e ra t ion  of these or  s imi la r  ce l l s .  

some cf the nodes were markedly enlarged and contained numerous a typ ica l  

la rge  mononuclear and r e t i c u l a r  ce l l s .  

I n  one case, Key 22, 

These, however, did not  differ 

f r o m t h e  similar c e l l s  of the spleens and nodes of many other  pa t ien ts  i n  

whom the bone marrow was notably hypoplastic, Unfortunately no leukocyte 

counts a re  avai lable  i n  Key 22 but  there  appears t o  be d i f f e ren t i a t ion  of 

the  reticulum i n t o  myeloid t issue,  despi te  e l i s i o n  of the b l a s t  stage. It 

seems preferable t o  regard t h i s  reticulum merely as hyperplast ic  t issue,  

l i t t l e  d i f fe ren t ia ted ,  but  without obvious neoplastic properties.  

A s ing le  case of leukemia of monocytic type occurred among the 14,000 

odd cases seen i n  t h e  two cit ies.  

Page 107, Appendix 1, (Section 8). 

This case i s  presented i n  Group 111, 

Type C. I n  a t h i r d  type, d e f i n i t e l y  myeloid t i s sue  comes t o  predomi- 

nate i n  small f o c i  where regeneration is  i n  progress. Here there  may s t i l l  

be evidence of p ro l i f e ra t ed  reticulum and excessive numbers of plasma c e l l s  

and lymphocytes a r e - s t i l l  present,  Myeloid hyperplasia i n  t h i s  instance is 

focal .  Megakaryocytes appear ' i n  increasing numbers. There is no sharp 

t r a n s i t i o n  between &e mar and of Type k and B, 

osiIiophiles, mature and imma- Occasionally, i n  the  

ture, are prominent i n  mar 

(Pat ients  dying a f t e r  the 

e, pa r t i cu la r ly  i n  ~ & p  III - 
i - -  

Type D. I n  the  f o u r t  

s i a  i s  extreme and t h e  f a t  

a re ly  a t  t h i s  stage, the h3rpsrpla- 

dly visible amid the mass of 

. .  
' 
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myelocytes, and i n  some instances metamyelocytes. .The cytology of 

t h i s  marrow does not d i f f e r  essent ia l ly  from t h a t  of Type C, except f o r  

predominance of the more mature ce l l s .  

.L 

sa 
The l a s t  two types become predominant a f t e r  the s i x t h  week (see dis- 

f S &  

\ 
cussion of bone marrow i n  Group 111), where i l l u s t r a t i o n s  w i l l  be found. 

. Comparison of Tissue from Various Bones: 

smears made a t  autopsy a re  summarized i n  tab le  20, and i n  the char t  (figure 84a) 

They a r e  grouped according t o  c l a s s i f i ca t ion  of h i s to logic  specimens. 

Cell counts of bone marrow 

Thus, by reading the  chart  horizontally, the cytology of the various bones 

i n  a par t icu lar  case can readi ly  be compared. 

show variat ions i n  the counts f o r  any par t icu lar  bone from case t o  case. 

The columns read ve r t i ca l ly  

A common feature  is the grea t  increase i n  the  r e t i c u l a r  and lymphoid 

. t issue,  l a rge ly  a t  the  expense of the  myeloid,, The erythroid t i s sue  a l so  

has suffered decrease b u t t h e  reduction is less  i n  comparisorfwith normal 

values. 

The femur takes p a r t  i n  the regenerative process along with the f l a t  

bones and i n  some instances hyperplasia, re t icu lar ,  or  other, i n  the femur 

is extreme. Usual1 

tological  s t ruc ture  of the long bones; i n  

l y  more myeloid t i s sue  i n  

show the same contrast  

a r e  more readi ly  y ie ld  glass  than the reti&ulum. . 

from t h e  f l a t  bones conform t o  the h i s -  

tances there  i s  re la t ive-  

from long bones, however, former.- Sme 
a - 

ed t issue,  probably'because the f r e e  ce l l s  

. -  
*5 O f  a l l  f l a t  bones 

the greate-s t . c e l l u l a r i  

urn shown the e a r l i e s t  -regeneratSon and 

asional ly  even the femur exceeds the 
- .  . .  

b 
I 
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sternum (Key 43,  figure. 84.a). 

a 

. 

i * '  

G 

-i .. 

In drawing conclusions from this material, both in histological and 

smear preparations, it must be remembered that one is dealing with very 

small, possibly unrepresentative, portions of the entire vast body of the 

marrow. 

Relation of Leukocyte Counts t o  t& Histological Structure of the Marrow: 

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

in Group I1 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 

below 1000. This leukopenia has no relation t o  the type of marrow found at 

ne crops y . 
Maturation defects: In certain instances, there is striking evidence of 

maturation defect, for despite diffuse myeloid hyperplasia, peripheral counts 

may remai'n remarkably low. Ths history of Key No, -108 3s detailed as an 

example: 

This 29-year-old man was at distance of 0.7 km, in Zone 1, near 

segment 4.. 

He was struck by a falling roof which inflicted slight injuries of the 

head and neck. - 

He was outdoors a few paces from a concrete building. 

There was nausea on 6 August and on the same day he 

vomited between 20 and-30 times. 

ed htil the loth, accompanied by anorexia. 

malaise beginning with 21August until time of death. 

peared 4 days after the second onset of malaise. 

Malaise began on 6 August and last- 
* 

He again experienced 

Anorexia ap- 

There was epilation 

and gingivitis on 21 August, which persisted. The gingivae began to 
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bleed on 30 August. 

t i ons  and there  was evidence of t o n s i l l i t i s  t he  same day. 

On the 25th there began purpuric nanifesta- 

Both of 

these symptons lasted u n t i l  death on 1 September. There.was high 

degree of fever between 24 August and time of death and there  was 

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

LABORATORY DATA : RBC H&b WBC 

24 August 3.95 78 3 70 

26 August 

29 August 

' 30 August 

5.6!4 

4.19 

80 

65 

450 

200 

2 20 

The urine examined on 29 August, was pos i t ive  f o r  albumin and negative 

f o r  sugar. No statement i s  made concerning sediment. 

Sections of.marrow i n  t h i s  pat ient ,  derived apparently from a cavi ty  of a 

long bone, a r e  of Type D, showing vascular adipose t i s s u e  crowded by very 

la rge  numbers o f  young myelocytes. Mature polymorphonuclear leukocytes 

and even s t a b  c e l l s  are rare.  There i s  an occasional megakaryocyte. Oc- 

casional ceQs a r e  'found i n  mitosis. H few small c e l l s  of shrunken nuclei 

thought t o  be normoblasts a l s o  a r e  found. 

ropsy were petechiae of skin, ep i la t ion  of scalp, f o c a l  necrosis of pharynx, 

Other important les ions a t  nec- 

tongue, t o n s i l s  and larynx, necrotising g ing iv i t i s ,  an abscess i n  the region 

of t h e  r i g h t  mandibular j o in t ,  necrotizing and hemorrhagic a p l a s t i c  pneumonia 

minute hemorrhages of gas t ro in tes t ina l  t r a c t ,  trachea and rena l  pelvis.  - 
Rising Counts: 

kopenia manifested a - r i s e  i n  counts t o  approximately 5000, before death. 

? 

h 

-3 
Occasionally, however, pa t ien ts  who had had a profound leu- , 

- . 
L 
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entered both upper extre&ties ,  the l e f t  submaxillary region, the  back and 

the l e f t  knee jo in t .  She became unconscious at  the time. Since then the 

wounds progressed favorably. 

diarrhea,  Suddanly i n  the  night of 30 August, there  was high fever,  accom- 

panied by severe sore  throa t ,  

on 31 August 1945. 

On 20 August, she noted ep i l a t ion  and suffered 

Sho was admitted t o  Imkuni Naval Hospital 

On t h i s  date  the  MJ3C numbered 960 per c m ,  on tb next 

day 620, then they f e l l  dai ly ,  t o  a minimum of 100 on 5 September 1945. 

This is demonstrated i n  Key No, 86, (subgroup 211), 

ing, t h e  pat ient ,  an 18-ye~~r-0ld g i r l ,  was at home i n  bed a t  Kawaramachi, 

sikuated i n  Zone 1 near 7 of t he  Jo in t  Commission Map, approximately 800 

A t  t he  time of the  bomb- 

meters from the  hypocenter. She was injured by glass fragments which 

After t h a t  t he  count gradually increased t o  480, 1680, 3200, 4980. Her 

gone rd  condition, however, worsenad and she died on 9 September, 

A t  necropsy the  bone marrow showed a moderate foca l  hyperplasia with 

myeloid d i f f e ren t i a t ion  (Type C )  , 

of scalp,  sca t te red  petechiae of the viscera,  atrophy of the  lymphoid 

The other findings included ep i l a t ion  

t i s s u e  and a necrotizing foca l  pneumonia, 

oup 2 l l )  where the marrow i s  of Type A, 

ember successively t o  5900 

ecorded i n  patgents *dying , 

e t o  r e s i s t  the  ultimately fatal infcct-  

ions f o r  a longer time. 

marrow, - a f t e r  a p 

oover, many pa t ien ts  i n  whom the  

le of producing a lei-  

inclusion i n  the  autopsy series, 
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Summary of Pathologic Changes: 

of t i s sue  from e i t h e r  a 1-ong or f l a t  bone; i n  many instances supplemented 

The available material  consis ts  of sect ions 

smears s ta ined by the.C?.emsa or  Wright-Giemsa methods. The subolassif i -  

cat ion i s  by the  four  types a s  presented i n  the preceding paragraphs. 

If a f l a t  bone i s  available, the case i s  Classif ied according t o  the 

histology of t h a t  bone, 

case i s  c l a s s i f i ed  according t o  i t s  histology but  addi t ional  information, 

derived from examination of supplementary smears from the r ib ,  sternum or  

vertebra, i s  applied. 

If only material from a long bone is a t  hand, the 

In  some instances, neither marrow t i ssue  nor smears are available. 

I n  t h a t  case, f o c i  of necrosis i n  the lung, i n t e s t ine  o r  sk in  a r e  examined 

t o  determine whether polymorphonuclear leukocytes a r e  present. 

c l a s s i f i ca t ion  i s  employed with reservat ion s ince even hyperplastic marrow 

may de l iver  remarkably f e w  polymorphonuclear c e l l s  t o  the t i s sue  i n  these 

cases . 

This ind i r ec t  

1 

The various categories a r e  made mutally exclusive, without overlap. 

Bone Marrows, GROUP 11, General Summary: The findings may be summarized 

by type as follows: 

Type A. 

ion of reticulum. 

Type B. 

Most marrows a r e  extremely hypoplastic but show pro l i fe ra t -  

I n  some there i s  a s t r i k i n g  foca l  hyperplasia of the r e t i -  

culum. 

Type C. 

Typ-e D. 

Others manifest foca l  d i f fe ren ta t ion  of myeloid t i s sue ,  

I n  some there  is a very s t r ik ing  degree of myeloid hyperplasia. 
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TMLE 2 1  Hiroshima 

GROUP 11 

Bone Marrow 
_ _  ~~ ~ 

Observations 211 212 . 22 2 

Long Bones 
Specimens Available 

Type A: 
Hypoplasia 

Type B: 
Harked foca l  
Reticulum hyperplasia 

Type C: 
Focal myeloid regeneration 

Type D: 
Marked qyeloid hyperplasia 

27 

18 

3 

2 

1 18 

3 

5 

1 1 

5 

1 1 

Fla t  Bones 
Specimens Available 

Type A: 
Hypoplasia 

22 1 

6 2 1 

Type B: 
14arked f oca1 5 
reticulum hyperplasia 

.. 
Type C: 

Focal myeloid regeneration 10 

Type D: 
Marked myeloid hyperplasia 1 - 1 

No Marrow 
Tissue Response ap la s t i c  . 5 .  
PMN i n  Tissue 2 1 
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I n  a l l  of these h is to logica l  types there i s  a n  absolute and r e l a t ive  

increase i n  reticulum and plasma cells, which is  very s t r ik ing  par t icular-  

l y  i n  the  Type B marrows. 

and 40th day, there  was a t  l e a s t  a temporary profound leukipenia c l in ica l ly ,  

whatever the f&stological type of the marrow a t  necropsy. 

evidence of a maturation defect'  

I n  almost a l l  pa t ien ts  dying between the 15th 

I n  some there is  

GROUP I1 

Gastrointest inal  Tract 

Hemorrhages and ulcerat ion occur very frequently i n  the  gastrointes- 

t i n a l  t r a c t  i n  pa t ien ts  dying between the 3rd and 7th weeks, 

response is usually aplast ic .  

The t i s sue  

Petechiae a r e  almost constantly present i n  the stomach. They are 

most numerous on the s ide  of the Magenstrasse but oeerur a l so  i n  the re- 

mainder of t h e  mucous membrane (f igure 85). 

usually surrounded by small and l a rge  extravasations of blood. 

les ions a re  most frequent i n  the la rge  in t e s t ine  but they may occur anywhere 

i n  the gas t ro in tes t ina l  t r a c t .  

ing example of t h i s  is  found i n  Key 2 1  (figure 86) where almost a l l  of the 

mucosa of the  stomach has beoome great ly  thickened and where the surface 

has assumed a d u l l  gray-green l u s t e r l e s s  appearance which borders without 

v i s ib l e  transitiori- upon the typ ica l  pale pink transluqent membrane;. The 

necrot ic  material  i s  underlain by thick edematous and hemorrhagic mucosa. 

Histologically almost no polymorphonuclear c e l l s  a r e  found (f igure 8 7) but 

there a r e  numerous plasma c e l l s  i n  the lamina propria. 

a r e  also spindle-shaped elements whose nucleus resembles t h a t  of the usua l  

The necrotizing les ions  a re  

Ulcerative 

At times the necrosis is diffuse,  A s t r i k -  

. I  

Among these there 



plasma c e l l s  but  whose cytoplasm i s  an e,ongated mass l i k e  t h a t  of a fibrc- 

blast, At the  neck of t he  glands a r e  found numerous mitos,es of t h s  epi- 

t h e l i a l  eells.  Most of these a r e  i n  metaphase and they do not appear to 

be a typ i sa l .  

and hemorrhage and i n  some places the  necrosis extends halfway t o  the muscu- 

laris muaosae. 

portions of the  necrotic t issue.  

u t  the very surface of some places there  has  been neerosis 
\ 

Purple-staining bac te r i a l  masses exist, i n  the super f ic ia l  

No leukocytda b a r r i e r  del imits  the  l a t t e r .  

The submucosa is grea t ly  thickened by edema and here a re  present very large 

s t e l l a t e  ce l l s ,  presumably f ibroblas t s .  

a l so  widely separated by edematous connective t i s sue  . 
The bundles of the muscularis are  

I r regular  hemorrhagas 

exist a l s o  within the  submucosa and here near the muscularis mucosae, there 

a r e  scat tered lymphocytes, plasma cells and ra re  eosinophiles. 

In  the la rge  intest ine,  the necrosis may also be d i f fuse  (figura 88) 

The region of the i leo-cecal valve but the les ions  usually a re ,d i sc re t e .  

i s  almost invariably involved (figures 89 - 92). 

j ec t ion  of edematous and hemorrhagic t i s sue  i n t o  the  lumen of t h e  bovel 

ra ther  than a cavity. 

There i s  usually a pro- 

The project ing mass i s  covered by an opaque yellow 

or,gray-green material  and i s  surrounded by a halo of hemorrhage. Histolo- 

g ica l ly  the  t i s sue  response is  usually again a p l a s t i c  ( f igure 93)  or  large- 

ly- of the plasma c e l l  type (figure -94). 
i 

O n l y  i n  4 instances a r e  la rge  numbers of polymorphonuclear c e l l s  

found i n  the exudate- a t  the ase of the u lcers  of the in tes t ines .  Most 

of these pa t ien ts  died toward the  middle of September when the marrow was 

experiencing a considerable measure of r e tu rn  of function. 

-73-03) 13 



TABLE 22. Hiroshima 

GROUP I1 

Gastrointest inal  -Tract 
c. 

4 Observations 211 212 222 
c 

&sophagus 
1 ?: 

Specimens Available 
(Gross ) 58 2 

P 

9 

Ulcers 2 

Petechiae 2 

Leukoplakia 1 
Stomach 

Specimens Available 
(Gross ) 58 5 2 

Petechiae 36 2 

Diffuse necmsis  and hemorrhage 1 

Ulcers and hemorrhages 4 - -  

Plasma c e l l  i n f i l t r a t i o n  1 
Small In t e s t ine  

Specimens Available 
(Gross ) 58 2 

Petechiae 19 

Ulcers and hemorrhages . 7 
Large In t e s t ine  

Specimens Available 
(Gross) * 

Petechiae c 

58 5 '2 

14 

c -  

Ulcers' and hemorrhages ' 26 1 Icy 

Additional 

Ascariasis 16 1 ", 

Chronic ulcer of pylorus 1 
Perforat ion (agonal) of cardia 1 

Scars of ileum 1 
Absence of appendix 1 

3 
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Ir c, 

GROUP rr 
Liver 

General Remarks: 

pathologists,  f a t t y  change is  r a r e l y  encountered i n  t h i s  stzge. 

only i n  3 cases. 

Contrary t o  gross descr ipt ions of t h e  Japanese 

It is  present  

Necrosis a l s o  i s  ra re ,  occurring only once i n  per icent ra l  

and once in pe r ipo r t a l  posit ion.  When present,  the  les ions  a r e  widely scat-  

t e red  throughout the parenchyma, The exudate i s  scanty, has itself largely 

become necro t ic  and consis ts  la rge ly  of plasma c e l l s  ( f igure 95).  

instance, some of t he  la rge  in t rahepat ic  p o r t a l  veins are t h e  s i t e  of pyl- 

I n  one 

ephlebi t is .  There is no evidence of Ascaris i n  t h e  liver i n  this case 

but there  a r e  foca l  necrotizing lesions of the in tes t ine .  

S l igh t  central. congestion is again frequently observed a s  i n  Group I 

and there  i s  occasional thickening of the walls of the cent ra l  veins. 

nuclei  a r e  also occasionally observed i n  such hepatic c e l l s  as a re  a t  the 

Large 

cent ra l  ends of the  cords, 

GROUP I1 

Pancreas 
1 

General Remarks: 'No signifi changes are Seen i n  argT pancreas t h a t  w a s  . 

seen grossly nor i n  t h e  25 t re inspected mj.croscopj.cally. ._ 

' GROUP I1 - 
Kidney . 

Perirenal  and pe lv ic  hemorrhages a r e  extremely common i n  Group 11. 

Histological ly  these cons is t  

nective t i s sue  beneath the epithelium and pelvis, without admixture of 

other c e l l s  ( f igure 97). 

rely of erythrocytes dissecting. loose con- 

Occasionally, the hemorrhages are d i f fuse  ( f i g  96) 
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TABLE 23. Hiroshima 

A 

c 

GROUP I1 
- 

,Liver and Gall Bladder 

Observations 211  212 222 

Specimens avai lable  

Perihepatic fibrous adheskons 

55 
3 

Subcapsular hemorrhage 1 

hepatic c e l l s  4 
Giant nuclei  i n  per icentral  and 

Central congestion 24 

Edema of per icent ra l  connective 8 

Edema of per ipor ta l  connective 2 
t i s sue  

tis sue 

Focal Fat ty  changes - Periportal  
Midsonal 
I r regular  

1 
1 
1 

4 1 

2 

1 

2 

Focal Necrosis - Periportal  1 
Pericentral  1 

Pylephlebitis 1 

Q 1 

Gall Bladder 

Petechiae 1 
Additional 

Hepatoma 1 

. .  



, 

t, 

4 

a 

and occasionally the ureter and bladder are involved. 

Glomerular hemxrrbm (figure 96) are demonstrated less frequently 

under the microscope than seem to be present grossly. They are found in 

about 10 per cent of the kidneys of indivfduals dying during the second 

stage. 

glomerular nephritis. 

hemorrhage into the subcapsular space and tubules, 

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

The nephrons in these cases, however, merely show 

There are no notable 

proliferative changes in the glomeruli. Often a few minute scars a r e  found, 

within and about which plasma cells and occasionally large mononuclear 

cells represent the only  elements of a cellular exudate. 

ticaarly of the proximal convoluted tubules often show evidence of cloudy 

The cells par- 

swelling,&-ich in association with anemia accounts for the pale appearance 

of most of these kidneys, In one instance, there is a hemorrhagic pyclone- 0 w 
f 

, 

d 

.7 

1 

phritis associated with a similar lesion in the prostate, 

The atypical large mononuclear cells found in the medullary sinusoids 

in kidneys of patients in Group I occurred onto in this series (figure 98). 

Ureters and Bladder 

General Remarks: 

the mucous membrane of the ureters. 

der in three cases, in another the proccss is diffuse (Key No. 30, fig 99) 

and in a fifth there was diffuse hemorrhage associated with an acute noc- 

rotizing cystitis. 

In f&m.instances, focal hemorrhagcs are found beneath 

Such lesi6ns also occur in the blad- 

-77- ( 8 )  77 



i3 
TABLE 24, Hiroshima 

.& 

GROUP I1 

Kidney 

. Observations 211 2 12 2 22 

Specimens ava i lab le  56 5 

,Hemorrhages of pe lv is  33 4 

Cloudy swelling 13 1 

Glomerular hemorrhages 

Hemorrhages i n  pyramid 

6 

1 1 

Hemorrhagic pyelonephrit is  1 

Scars of Kidney 1 7  

Abscesses (with PMN) 

Atypical la rge  mononuclear c e l l s  1 
i n  sinusoids 

1 

Additional 

Leioqyomata of pyramids 1 

Double pe lv is  and u re t e r  1 

GROUP 11 
. .  Prostate and Seminal Vesicles 

General Remarks P The hemorrhagic pyelonephrit is  of the  pa t i en t  mentioned 

previously is associated with a necrot iz ing and hemorrhagic l e s ion  of the 

prostate ,  

i n  the la t ter ,  but  they are very rare i n  t h e  kidney. 

A f e w  leukocytes ch ief ly  of t h e  s t a b  c e l l  type are pr’esent with-- 

The seminal ves ic les  show no changes except t h a t  i n  one instance tne  
1 

contents h i s to logica l ly  are noted t o  be an acidophi l ic  mater ia l  containing 

almost no spermatozoa. 
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GROUP I1 

c 

b &  

Q 
%- 

I 

Testes 

I n  a l l - 3 6  of the available t e s t e s  i n  t h i s  group of 46 male pa t ien ts  

there  i s  atrophy. Since the e f f e c t  of inani t ion  +et is  well known, an 

attempt was made t o  determine froin the records whether o r  not the indivi-  

dual was malnourished. This usually war recorded i n  the gross description 

by the Japanese pathologists o r  could be determined, when severe, by in- 

specting the subepicardial, subcutaneous or  per i rena l  adipose t i s sue  i n  

h is to logica l  sections. Eleven pa t ien ts  were diagnosed a s  s l i g h t l y  or  se- 

verely malnourished; the other 25 were i n  a good state of nu t r i t ion .  

Only i n  one case is there  a notable reduction i n  the s i z e  o f t h e  tes-  

t e s  (figure 100). Histologically a l l  show sloughing of most or a l l  of t h e  

germinal epithelium away from the basement membrane, which now i s  lined. by 

a continuous layer  of t a l i - S e r t o l i  ce l l s .  

minal epithelium and i ts  der ivat ives  a re  seen i n  the  lumina of the tubules 

Partly necrot ic  remnants of ger- 

(figures 101-103) . 
ed within the S e r t o l i  cells (f igure 103). 

Spermatids and spermatozoa may, however, remain embedd- 

There is occasionally found near 

the basement membrane or i n  the lumen a . l a r g e  ovoid c e l l  with a hyperchromatic, 

*Testes of pa t ien ts  from the German pr ison camp a t  Dachau under study by - 

Captain E. B. Wert a t  the Army I n s t i t u t e  of Pathology show a l l  of the changes 
described i n  t h i s  section. 
80 pounds a t  the  time of death. 

fme death so t h a t  this could hardly be-considered a f ac to r  i n  the atrophy 
of the t e s t e s  and noe have the generalized les ions of typhus fever.  
& Spitz, i n  a recent a r t i c l e  (Am, J. Path., 21: 
t e s t e s  i n  t h e i r  scrub typhus pa t ien ts  t h a t  resemble those i l l u s t r a t e d  here, 

These individuals weighed i n  the  neighborhood of 

Most df the  i r r ad ia t ed  pa t ien ts  had only a shor t  bclut o f  high fever  be- 

Qlen , 

603-681, 1945) describe 
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densely r e t i cu la r  nucleus which. from i t s  morphology i s  thought t o  be a 

r e l i c  of the germinal e p i t h e l i a l  c e l l s  (figure 105) . 
Occasionally there  occur i n  the lumina of the tubules what appear t o  

7 be multinucleated g ian t  cells. Inspection of such material  seems t o  indi-  

' . cate  t h a t  these a r e  formed by fusion of the cytoplasm bf remnants o f  sperma- 

t i d s .  

o t  I 

Successive stages a re  shown i n  f igures  106 - 108. This fused mass 

then may become molded i n t o  a rounded ball i n  a manner somewhat analogous t o  

the formation of corpara amylacea. 

dull, homogeneous, non-reticular s ta in ing  qnal i ty  unlike that '  of viable c e l l s  

(figure 108). 

The nuclei  of s u c h  "giant ce l l s"  have a 

The basement membranes of the tubules within the first 5 or  6 weeks 

usually remain %thin but a r e  seen t o  be s l i g h t l y  thickened i n  a few instances 

- ( f igure 107). I n  one malnourished boy 'of 8, 
* 

0 ing of the basement membranes of the tubules 

)r 109). The epithzlium, whose exact nature i s  w 
fate of heavily exposed non f a t a l  cases will 

r 

c 

there is a remarkable thicken- 

i n  the immature t e s t e s  ( f igure 

unknm,  is well preserved. The 

be of grea t  i n t e re s t .  The 

small baood vessels ,of the in te rs t i t ium sometimes show deposits of a re- 

f r a c t i l e  acidophilic material  beneath the apparently unharmed endothelium, 

with considerable r e s t r i c t i o n  of the  lumen (figure 102). 
I 

Even before there i s ' a  marked shrinkage of t h e  tubules there  my be an 

increase i n  the i n t e r s t i t i a l  epithelium. 

dent i n  f igures  103 and 104. 

plas ia  of t h i s  t i s sue  rather  than compaction. 

This occurs uncommonly but  is evi- 

It is apparently the r e s u l t  of ac tua l  hyper- 

Associated changes i n  the hypophysis a r e  discussed l a t e r  i n  t h i s  

report. 
7 ,  
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TABU 25. Hiroshima 

GROUP 11 - 

Testes 

Observations 211 212 222 

Well Nourdehed Pat ients  

Specimens Available 

Atrophy of germinal epithelium 
and derivatives 

Thickening o f  basement mem- 
branes of tubules 

Hyaline changes of blood 
vessels 

Hyperplasia of i n t e r s t i t i a l  
t i s sue  

25 1 

25 1 

4 ' 1  

7 

2 

Melnourlshed Pat ients  
-I-- 

Specimens Avkilable 

Atrophy of germinal epithelium 11 
and derivatives 

Thickening of basement membrane 4 
of tubules 

Hyaline changes of blood ves- 
s e l s  '1 ' 

Hyperplasia of i n t e r s t i t i a l  1 \ 

t i s sue  

1 

Hemorrhage of tunica albuginea 1 

GROUP I1 

Ovaries and Uterus 

General Remarks: L i t t l e  su i tab le  material  is available.  There a r e  sections of 
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ovaries i n  10 of the 1 2  fenaxe pa t ien ts  of Group 11. O f  these, 3 a r e  of 
/ )  w postmenopausal and 2 of premenstrual age. The l a t t e r  show numerous undevel- 

oped f o l l i c l e s  and some i n  process of a t res ia .  

p l e t e  involution. 

I n  the former there  is com- 

A l l  b ovaries from non-pregnant women. i n  the  functional 

?. ? age group have i n  common the presence of corpora a lb icant ia  and primary 

f o l l i c l e s ,  without developing f o l l i c l e s  or  corpora lutea.  

the primary f o l l i c l e s  i n  a young woman a re  remarkably few and many of those 

t h a t  a r e  l e f t  may be seen i n  the process of a t r e s i a  (Key No. 119, f igures  

114 and 115). 

I n  some instances, 

- .. 
I n  some instances the ova have become shrunken (figures 111 

and 112)  and nurse c e l l s  may form a compacted ball i n  the center (figure 

lis), The endometrium of all these cases i s  i n  the "resting phase" and the 

simple glands a re  l i ned  by columnar'epithelium t h a t  shows no evidence of 

corpus luteum effect ,  nor do the  elongated spindle-shaped c e l l s  of the endo- 

metr ia l  stroma (f igure 113) . 

X 

One pat ient ,  Key No. 61, aged 39 years, who had been i n  a Japanese 

house a t  1.1 km and who subsequently became epilated,  died apparently on 

account of ulcerat ive e n t e r i t i s  shor t ly  a f t e r  she aborted a 5-month f e tus .  

The exact date of the apparently spontaneous abortion i s  unknown, A corpus 

luteum of pregnancy i s  found i n  the  ovaries and there a r e  s t i l l  fragments 

of decidual t i s sue  i n  the uterus (figures 117 and 118). The resis tance o f  

the corpus luteum of pregnancy t o  radiat ion is well known. 

Neither the uterus nor i t s  appendages escape t h e  hemorrhages tha t  in-  

volve the other t issues .  They may occur i n  the endometrium or serosa of 

the uterus, the ovaries of Fallopian tubes (Key No. 36, f igure 110) 
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u TABLE 26, Hiroshima 

GROUP I1 

1. 

7 

" .  

L 

-k 
. 

4 Ovaries and Uterus 

Observations 211 212 2 22 

Ovaries 

Specimens Available 

Postmenopausal 

Pre-menarche 

Developing f o l l i c l e s  absent, 
corpora a lb icant ia  present 

Marked atresia of f o l l i c l e s +  

10 

3 1  

2 

4 

1 

Corpus luteum of pregnancy 1 

Uterus 

Specimens Available 
( M i  cro s copi c ) 6 

Endometrium i n  res t ing  place 4 
Postmenopausal 2 

Decidual reaction, following 1 
pregnancy 

*Key #119 

GQOUP I1 

Brain 
- >  

Congestion of t h e  leptomeninges and the  cerebral  vessels  is  usually 

i n  evidence. 

punctuate subependyflal hemorrhages (figure 119). 

ges are found a l s o  i n  several  si tes within the brain, including the  corpus 

callosum, 

I n  several instances, there  a r e  l a rge  subpial  o r  multiple 

Petechiae o r  r ing  hemorrha- 

I n  patient Key 60, f igure 120, masses of 'bac te r ia  are fcund within 
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the  necrot ic  t i s s u e  a t  t h e  centers  of hemorrhages within t h e  medulla. 

There I s  no leukocytic response. 

I n  several  instances,  there  islevidence of fornier trauma as i n  an  

epidural  hematoma but  most of the  hemorrhagic les ions  probably have the 

same mechanism a t  play i n  t h e i r  formation that i s  involved i n  the case of 

Subependymal petechiae 

the  o ther  organs,' 

TABU 27. Hiroshima 

GROUP I1 

Brain 

Observations . .  211 212 222 

Specimens Available 

(Gross) , 37 

(Microscopic) 7 

Subpial hemorrhages 5 

1 

Ecchymosis of dura '1 

Epidural hematoma 1 

Focal hemorrhage and necrosis 1 

.GROUP I1 - 
Adrenals 

f 

General Remarks: 

size. 

The cortex is  usual ly  remarkably narrow and i s  composed of t rans lucent  

yellow-gray ra ther  than orange-yellow opaque t i s sue ,  

occurs d i f fuse ly  but  may be focal .  

The adrenals are almost always remarkable f o r  t h e i r  small 

This has no r e l a t i o n  t o  the  n u t r i t i o n a l  s t a t e  of the individual.  
1 %  

* 

This change usually *, 
The cor tex  a t  times somewhat resembles 
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the medullary substance, In  scme instances, co r t i ca l  or.peri-adrenal 

hemorrhages a r e  seen but i n  no case i s  there  a marked disrupt ion of the  

organ. Often, i n  association with hemorrhage, there  i s  an exudate of 

protein-containing material  or f i b r i n  i n t o  the a reo lar  septa of the peri-  

adrenal f a t .  

Microscopically the c e l l s  of a l l  layers  usually have f i n e l y  granular, 

ra ther  than vacuolated cytoplasm, indicating loss of c o r t i c a l  l ipoid.  

c e l l s  of the deeper fasc icu lar  and reticular l ayers  tend i n  some measure 

The 

t o  r e t a i n  t h e i r  vacuolation. 

especial ly  i n  the fasc icu lar i s ,  have extremely foamy cytoplasm and pyknotic 

cent ra l ly  placed nuclei. In  one such there is  also foca l  necrosis with in-  

f i l t r a t i o n  of la rge  f a t - f i l l e d  phagocytes. 

s imi la r  case i s  the  presence of a l a rge  number of mitoses i n  the midsection 

of the fasc icu lar  layer  (Key 45, f igure  122) .  

I n  some instances, scat tered goups of ce l l s ,  

A remarkable finding i n  a 

Plasma-like c e l l s  a r e  usually present i n  smallinumbers i n  the medulla 

In  one in- or  cortico-medullary junction and a t  times a l so  i n  the cortex. 

stance, the number o f  i n f i l t r a t i n g  ce l l s  is very grea t  f o r  no apparent 

reason. 

o r  myelopoietic t i s sue  . 
There is no evidence t h a t  these c e l l s  represent erythropoietic 

. .  
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TABLE 28. Hiroshima 

GROUP I1 

lldrenals 

~ 

*‘ 

Observations 211 212 222 
* - 

Specimens Available 

c 
(Gross) 58 5 
( M i  c r os c opi c ) 47 . 4 

Gross evidence of loss of l ipoid,  11 
no microscopic sections avai lable  

Atrophy of cortex 

Focal necrosis 
(especially of glomerulosa) 

Fibrinous material  i n  periadrenal 
f a t  

U Periadrenal hemorrhages 

Hemorrhages of cortex 

Heavy plasma-cell-infil tration - 

30 

1 
3 

8 

3 

1 

2 

1 

1 

1 

2 

1 

1 

Thrombus i n  a r t e r i o l e  1 

GROUP I1 
Thyroid 

G e n e r a l  R e m a r k s :  The f o l l i c l e s  are usually small and are l i ned  by low Cu- 

boidal epithelium and f i l l e d  with” palely s ta in ing  colloid.  

TABLE 29. Hiroshima 

GROUP I1 

Thyroid 
-, 

Observations 2 1 1  212 222 

(Gross ) 47 5 2 
(Microscopic) 1 2  2 2 

S l igh t  thickening of in te r -  1 

Specimens Available - 

s t i t i a l  connective t i s sue  
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GROUP I1 

General Remarks: The changes a re  not remarkable. 

TABLE 30. Hiroshima 

GROUP I1 

Thymus 

Observations 211 212 22 2 - -- 
Specimens Available 

(Microscopic) 2 1 0 

Atrophy 1 1 

Calcif icat ion of Hassals 
corpuscles 

1 

Hemorrhage i 

GROUP I1 

Pi tu i t a ry  

Twenty p i t u i t a r i e s  a r e  available i n  which the types of c e l l s  are 

well enough preserved t o  be recognizable. Four were from female and 16 

were from male patients. Fixation, however, was imperfect i n  most of 

these, since the gland had merely' been thrown i n t o  the  formalin f ixa t ive  

I 
'4 with its capsule unopened. 1 

I 
Large basophilic vacuolated "castrat ion ce l l s"  were found i n  12- of 

z $he 16 male pat ients ,  Th r e  best  seen i n  s-ections from Key No. 42, 
i 

f igures  123 and 124. In  a1 the basophilic c e l l s  a r e  large and some 
J 

r have huge vesicular nuclei ,  I n  many c e l l s  vacuoles have formed i n  the i 
cytoplasm and the basophilic granules are scat tered within the trabeculae 
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of cytoplasm, 

basophilic granules are f e w ,  and t h e  nucleus i s  displaced t o  one side i n  

"signet ring" fashion, 

I n  some enormous c e l l s  t he  vacuolation is-extreme, the 

C e l l s  of t h i s  type a r e  found i n  most species of 

animals following castration-%. 

-Some coarsely vacuolated basophiles were found a l s o  i n  one female 

p a t i e n t  who had shor t ly  before aborted a 5-months! fe tus .  Groups of 

la rge  neutrophi l ic  pregnancy cells were also present i n  t h i s  p i tu i t a ry .  

No other female pa t ien ts  showed s igni f icant  changes. 

I n  one other  male and i n  one female pa t ien t  the basophilic cells  were 

thought t o  be unusually l a r g e  and numerous. 

draw conclusions from these sections without s ta t is t ical ly  adequate measure- 

It is, however, d i f f i c u l t  t o  

ments and counts, Unfortunately on ly  single  slides a re  available,  

An in te res t ing  incidental  f inding i n  one case (Key # 38) was t h e  

presence of a minute chromophobic adenoma. 

Comment: It is of note t h a t  these changes i n  the p i t u i t a r y  take place, 

despi te  t he  fac t  t h a t  the i n t e r s t i t i a l  cel ls  rema'in inkact, o r  even in- 

crease following complete atrophy of t h e  germinal epithelium. This sug- 

gests  an endocrine function f o r  the germinal epithelium, assuming the 

functional as w e l l  as s t r u c t u r a l  i n t e g r i t y  of the i n t e r s t i t i a l  cells  t o  

have been maintained. Exact2.y similar changes have been observed in,the 

/- 

-Severinghaus, A, E,- The Cytology of the P i t u i t a r y  Gland: 
t i o n  f o r  Research i n  Nervous and Mental Disease, The PituiQ-?, 
Chapter 111. pp 92-94. Baltimore, Williams & Wilkins, 1938. ' 

I N :  Associa- 
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t e s t e s  and p i t u i t a r i e s  of r a t s  following X-irradiation. (1, 2) . 
. The adrenals  i n  almost a l l  of t he  pa t i en t s  remarkably small. No 

information i s  ava i lab le  concerning t h e  e f f ec t s  of cas t ra t ion  upon the 

1 
adrenals i n  man. 

of the r e t i c u l a r i s  has been observe&k. 

I n  male mice, however, an increase i n  the  thickness 
. I  

The pathogenesis of t h e  atrophy 

of t he  adrenal, especial ly  of t h e  glomerulosa i n  the p a t i e n t s  a t  Hiroshima 

is  unknown, 

GROUP I1 

Neck and Mouth Organs 

Hemorrhagic and necrotizing l e s ions  of t h e  mouth and neck organs a r e  

frequent a t  t h i s  stage,  especial ly  i n  the gums and tons i l s .  They appear a t  

a time when the  e f f e c t  of  Ieukopenia has made the pa t i en t s  most s u s x p t i b l e  

t o  the  infect ion.  
-x 

What r o l e  d i r e c t  rad ia t ion  e f f e c t s  play i n  t h e i r  causation 0 
is  problematical. The c l i n i c a l  descr ipt ion of t h e  g i n g i v i t i s  has alrezdy w *! 

been given. All of t h i s  p a r t  of the l i n i n g  of the mouth and pharynx may be 

involved. Occasionally there  a r e  hemorrhagic and necrchic l e s ions  i n  the 

l i p s .  A t  autopsy there  is often a livid discolorat ion of the gums, Pres- 

sure re leases  quant i t ies  of hemorrhagic material  from the periodontal  tis- 

ues. I n  other  instances, the  hemorrhage i s  more obvious. Frequently the 

I (1) von Wattenwyl, H.: 
Rattenhoden. Schweiz . mcd. Wchnschr . , 72 : 765, 1942. 
( 2 )  Joel,  C. A. : . Veranderungen der HypGhyse nach Rontgenbestrahlung 
der IIoden, Schweiz, med, Wchnschr., 72: 

Masui ,  K. & Tamura, Y. 
the  Suprarenal Gland i n  Mjce. J, Col1,of kgri .  
- 7: 

Baltimere, Williams & Wikkins, 1932, 

Ueber d i e  dirkung der  Roentgenstrahlen auf den 

795-796,. 1942. 

The Effec t  of Gonadectomy on the Structure of 
Imper. Univ. of Tokyo, 

- . 
J 

353, 1926. (Ouoted by:Moore, C. R.) The Biology of t he  t e s t i s .  
.% In: Allen, E.$ Sex & Ih te rna l  Secretions, Chapter V I 1  p. 338 - 
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gums espec ia l ly  i n  the  i n c i s o r i a l  regions have a dull  gray-green or  gray 

color, a rough, shredded, i r r egu la r  surface and a remarkable friabil i ty.  

I n  such instances, they have shrunken f a r  below-their  usual l e v e l  but  

the  t ee th  do not  become loosened. 

and leukoplakia i s  i l l u s t r a t e d  i n  f igure  62 ( 5 ) .  

Healing with supe r f i c i a l  s ca r  formation .. 

Occasionally the 'anter ior  port ion of the tongue is the  s e a t  of nec- - 
ros i s  and hemorrhage (figure 125). I n  the tongue necrosis i s  much more 

frequent, however, on t h e  dorsum where it involves the lymphoid f o l l i c l e s  

( f igures  126 and 128). 

More common than l ingual  is  f a u c i a l  t o n s i l l i t i s .  The t o n s i l s  a r e  

usual ly  moderately, and sometimes grea t ly  enlarged, but on occasion there  

i s  no increase i n  s i z e  despi te  t o t a l  necrosis of  the organ (figure 1 2 7 ) .  
*- 

There i s  a l s o  of ten complete necrosis of lymphoid t i s s u e  elsewhere i n  i 
the  wall  of the pahrynx or i n  the  lining membrane apa r t  from the  lymphatic LIlrr .! 
t i s sue .  Such les ions  of ten are outlined by hemorrhagic borders and a r e  , 

seen a l s o  i n  the ep ig lo t t i s ,  larynx and trachea (f igures  126,129 and 130). 

Histological ly  these les ions  have i n  common a uniform necrosis of 

the t i s sue  with no b a r r i e r  of polymorphonuclear leukocytes (figure 132). 
$ 

There is, however, f requent ly  edema and sometimes hemorrhage of the sur-  

c 

L .. 

c 

' \  

rounding t issue.  

plasma cells and occasional small and l a rge  mononuclear elements ( f igure 

131). 

mature lymphocytes as elsewhere have almost completely disappeared and i n  

which there  i s  a compaction of reticulum. 

d i f fe ren t ia ted  i n t o  t h e  l a rge  a typica l  c e l l s  t h a t  have previously baen des- 

cribed. 

The ce l lu l a r  exudate when present  consis ts  of. sca t t e red  

Often, as i n  the tons i l s ,  t h e  necrosis in;olves lymphoid t issues ,  whose 

The reticulum has i n  many cases 

I n  one case the  les ions  of "thrushlt a re  observed (Key No. 56, f i g  133) 

, 
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TABLE' 31. Hiroshima 

GROUP I1 

T 

Lj 

i 

Neck Organs - 
Observations 2 1 1  212 222 

Specimens Available 53 5 2 

Gingivi t is  ( a l l )  

(hemorrhagic ) 

(necrotizing) 

(type unstated) 

Necrotizing g l o s s i t i s  

Nzcrotizing t o n s i l l i t i s  
( fauc ia l )  

( l ingual)  

Necrotizing pharyngitis 

Necrotizing e p i g l o t t i t i s  

Hemorrhages of e p i g l o t t i s  

Edema o f  e p i g l o t t i s  

Necrotizing laryngitis 

23 

1 2  

9 

2 

3 

40 
25 

13 

21 

4 
3 

7 

. 

Hemorrhages of 'larynx 4 
. I  

Edema of larynx 

1 

1 

2 

Necrotizing t r a c h e i t i s  

GROUP I-1 ~ 

General Remarks : Fif  ty-bh f 58 pati.ents i n  t h i s  group were noted t o  have 

cutaneous hemorrnages a t  the time of death. These varied from petechial  



size  t o  t h a t  of la rge  ecchymoses involving a l s o  t h e  subcutaneous t i s sue .  

Ulcerative les ions  of the s k i n  were also frequent and in several  

there  were pustules ,  

(Key No. L7, f i gu res  134, A, B, C, and D), 

An ulcera t ive  l e s i m  of common type i s  described 

A s  the  region of denudation of 

epithelium i s  approached, the supe r f i c i a l  l ayers  of c e l l s  become swollen 

and frequent ly  the nuclei  are found as contracted, deeply s ta in ing  s t ruc t -  

ures, s i t ua t ed  within vacuoles. 

preserved, and the nuclei  here a re  large and f i n e l y  dot ted with chromatin. 

The deeper layers  a r e  r e l a t i v e l y  well 

The pigment within the  c e l l s  a l s o  i s  p len t i fu l .  A s  t he  margin of the ul-  

cer  i s  approached, the  epithelium becomes more and more vacuolated and 

ul t imately becomes anuclear. In  some places, there  is  parakeratosis of 

the  supe r f i c i a l  layers  of epithelium, The base of t h e  ulcer  i t s e l f  con- 

sists of necrot ic  collagen which i n  some places i s  i n f i l t r a t e d  with num- 

erous erythrocytes,  

ar t i s s u e  which course i n  the  deeper layers  of the subcutaneous f a t ,  ’ 

These a re  o f  small  mononuclear and plasma c e l l  type, 

f rom the  ulcer,  the  appendages of t h e  sk in  a r e  surrounded by groups of 

small mononuclear cells and plasma cells.  So also are the vessels of the 

There are no leukocytes except i n  the  sep ta  of  areol-  

Even a t  a distance 
0 

papillae.  I n  another ctl‘se (figure 135) exudate is more abundant, but it 
~ 

consis ts  la rge ly  of plasma cells and la rge  mononuclear elements , 

The mechanism o f - o r i g i n  of the’ ulcerat ive les ions  i s  of i n t e re s t .  

Are they merely the  resul t  of infect ion of the  skin  i n  the pa t i en t s  with 

leukopenia o r  are the  lesions in p a r t  also the  direct result bf radiat ion? 

The Japanese describe the  appearance of “bl is tersf l  i n  the sk in  of some of 

the exposed pat ients .  

. -  

In  the  records o f  2 autopsies of recent ly  dead 
5 
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pat ien ts  the  skin was s a i d  t o  have "peeled" easily, revealing a pink raw 

surfaqe beneath, (Key Nos', 98 and 109). 
\ 

The tongue, pharynx and esophagus 

of one of these cases show remarkable changes i n  the squamous epithelium 

with sloughing over la rge  areas, 

f igures  25 - 27). 

Unfortunately sk in  from t h i s  individual  i s  not  avai lable  and there  i s  no 

supporting evidence f o r  t he  concept t h a t  such ulcerat ive les ions  a r e  d i r e c t  

This i s  described elsewhere (Key 98, 

This pa t i en t  died on t h e  12 th  day following the bombing. 

rad ia t ion  e f f e c t s  i n  pa t ien ts  who died a t  a l a t e r  date.  

The only unburned skin ava i lab le  from most of these individuals  is 

the  scalp. The changes i n  the epithelium of the surface a r e  s l i g h t  here, 

and there  i s  no evidence of te langiectases  nor of any remarkable a l t e r a t -  

ion i n  the  collagen, The changes i n  the ha i r  f o l l i c l e s  are of  g rea t  i n t e r -  

est and a r e  i l l u s t r a t e d  i n ' a l l  s tages  i n  heavily rad ia ted  individuals.  

a typ ica l  ha i r  f o l l i c l e  i s  examined (Key 14, f igure  137) it w i l l  be seen 

If 

t h a t  f rom the  matrix a t  t h e  root there  i s  d i f f e ren t i a t ed  a layer of tri- 

chohyaline-bearing t i s sue  (I-Ienle 1 s and Huxleyt s l ayers )  forming an intern- 

a l  r o o t  sheath which i s  separated along a cu t i c l e  from the  ex terna l  root  

sheath. 

Keratinization of the trichohyaline-bearing 

c e l l s  of the i n t e  the f o l l i c l e .  A 

l a rge  kerat inized shafE 

The l a t t e r  i s  an  invagination of the epithelium of the surface. 

ugh the corium on 

from the  ex terna l  

In  follicles o f ' t h  

tr ichohyaline- l a y e r - f a i  

a t i en t ,  however, the  
# -  

a plug of epithelium 
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results which has the morphology of and is  continuous with the external 

roo t  sheath. The pigment, moreover, is found i r r egu la r ly  d is t r ibu ted  

throughout the  epithelium even a t  a distance from the  p a p i l l s  (figures 

1-38 and 139). 

lie and mitoses among i ts  oel ls  become rare ,  whereas usually they a r e  

numrous. 

the  t i p  of the papi l la  (contrast  f igures  3.3q u i t h  1.38 and 14-1). 

papi l la  now becomes less '  irascular and smaller and i ts  conponent elongated, 

The epithelium of the matrix becomes f la t  <and less basophi- 

" 

. * The matrix now f o m s  a shallow cap r a the r  than a long hood over 

The 

-- 
spindle-shaped c e l l s  a re  compacted. Often the papi l la  ceases t o  be i n t i -  

mately applied t o  the matrix epithelium and a space appears between the 

two t i s sues .  

and more narrow, and a whorled, pearl-l ike a r r a m e n t  of c e l l s  may r e su l t ,  

figure 14.0. 

The plug of epithelium a t  the base of the f o l l i c l e  becomes more 

At the  same time the glassy meinbrene and the more ce l lu l a r  f ibrous 

"- 

/ I  

'C 
'* . 

. .  
3 

membrane external ly  becoxa considerably and often grea t ly  thickened. Spaces 

appear between the glassy sheaths and the shrinking plug of epithelium t h a t  

i s  now the 

denonstrate tha t ,  despite i t s  wavy r e f r a c t i l e  character, the glassy nembrane 

core of the f o l l i c l e  (figure 138). S ta ins  f o r  c l a s t i c  t issue.  

is of collagenous ra ther  than e l a s t i c  nature ( f igure 14.2). The imncnse 

thickening o f  the basemsnt raembrancs that may occur i s  demonstrated i n  

figures 140, 143 -and 

every f o i l i c l e  may be 

With the failure 

In- the last  t w o  figures also is demonstrated how 

ved, even i n  a 14 year old chi ld  ( f igure lLY',) ,  

matyon of the ' in ternal  roo t  sheath the  h a i r  

. , - .  

shaft now apparently 

by a process analog 

shaf t  comes closer  

phies and sti l l  there  remains only  a bulbous plug of parakeratotic mater- 

i a l  near the  mouth of the follicle *( f igures  l45, 146, and 147). 

process is  re f lec ted  i n  the  s t ruc ture  of the  cast-off ha i r  (fig&e 148). 

i g i n  d i r e c t l y  from the exrternal root  sheath 

t of parakeratosis, The point of or ig in  of the-  ~ 

> -  

t o  the  surface as,.the matrix substance atro- 

This 
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which tapers  near i t s  formerly attached end and which i s  devoid of t he  

remnants of the i n t e r n a l  roo t  sheath t h a t  would usually adhere as a cuff. 

The f o l l i c l e ,  desp i te  these changes, does not lose  i t s  capacity f o r  

regeneration, as shown i n  scalps  from Group 111, i n  pa t i en t s  dying a f t e r  

t he  s i x t h  week. 

mal process of replacement of h a i r  are described with Gr.oup 111. 

The process of regeneration and the  analogy w i t h  the nor- 

Other changes i n  t h e  sca lp  a r e  inconspicuous. There may be atrophy of 

the  r e t e  pegs and a general thinning of the epithelium a t  the  surface, some- 

times associated with hyperkeratosis (figure 143 and 144). 

material  i s  pa r t i cu la r ly  abundant i n  the  mouths of  the h a i r  f o l l i c l e s .  

The ke ra to t i c  

Hy- 

perpigmentation is  sometimes observed i n  these ep i la ted  scalps.  

i s  s i tua t ed  i n  the  basal layer  of  e p i t h e l i a l  ce l l s .  

and i n  f igu res  1b6 and 147, i s  i l l u s t r a t e d  the  atrophy of the  sebaceous 

The pigment 

In  the same specimens 
L 

.i ') 

glands t h a t  i s  frequently observed, This process goes hand i n  hand with 
W '  7 .  

atrophy of the ha i r  f o l l i c l e  and cannot be in te rpre ted  a s  a d i r e c t  ra- 

d i a t ion  e f f e c t .  The sweat glands, i n  sk in  t h a t  has not  been burned, show 

r e l a t i v e l y  l i t t l e  change, although occasionally the a c i n i  appear shrunken 

and have thickened basement membranes and t i n e  vacuolated e p i t h e l i a l  c e l l s  
I 

with pyknotic nuclei. 

.. 
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TABLE 32. Hiroshima 

GROIJP I1 

Skin 

Observations 211 212 222 

- 
Specimens kvaila b le  50 5 2 

Epilation 

(all) 

(axil lary) 

(pubic ) 

(eyebrows) 

(beard) . 

48 

8 

6 

4 
2 

- f.. 
Hemorrhage 

Ulcers 

Pus tu l e s  

53 

20 

3 

2 

1 

- 

4 1 

1 

L 

i 



GROUP I11 

General Observations: 

week the s t a t e  of nu t r i t i on  usually has become markedly reduced. 

marrow i s  usual ly  hyperplastic and capable of del iver ing leukocytes t o  

the t i s s u e s  where needed. 

maturation defect;  a l s o  a few marrows i n  pa t i en t s  dying a f t e r  t he  beginning 

of the 7th week are s t i l l  hypoplastic. 

the  marrow, the  hemorrhagic l e s ions  are now r e l a t i v e l y  r a r e  despi te  the ne- 

c ros i s  i n  some t i ssues .  

I n  t h e  group of  pa t i en t s  surviving beyond the 6th 

The bone 

Despite t h i s  there  i s  occasional evidence of  a 

Concomitantly with the  recovery of 

The important les ions a t  t he  time of death a r e  foca l  necrotizing pneu- - 

monia (sometimes i n  the  process of organization) o r  necrotizing’ entero-coli- 

tis. I n  both of these,  polymorphonuclear leukocytes a r e  now prominent ele- 

ments of the exudate. 

hematopoiesis t h a t  many of these individuals  suffered is important i n  allow- 

It i s  probable t h a t  the temporary depression of 

ing these infec t ions  t o  have gained headky.  

S t i g m a t a d  r ad ia t ion  e f fec t ,  pa r t i cu la r ly  the ep i l a t ion  and tes t icu-  

l a r  atrophy a r e  s t i l l  present but i n  some pa t ien ts  considerable regenerat- 

ion  of hair  has occurred which i s  manifest- h i s to logica l ly ,  
I 

GROUP II-I 

Heart: Aside from the appa 

“rheumaticft and f o r  one i n s  

P 

- _  

where a gross diagnosis of Iffatty changer’ 

i n f i l t r a t e d  with polymorphonuclear leukocytes. I n  2 instances 
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TABLJ3 33 

GROUP I n  

Heart 

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

- 
Specimens Available 9 1 4 3  ' 6 3 1 6  

Epicardial '  hemorrhages 4 
Endocardial hemorrhages 1 

2 1  
i 

Fatty change of myocardium 1 1 

Focal necrosis of myocardium 1 

Additional 

Fibrous per icard ia l  adhesions 1 1 

3 

@-- 

Chronic verrucous, mi t r a l  endo- 1 
c a r d i t i s  

Chronio verrucous t r icuspid,  
mitral and a o r t i c  endocardit is  

2 

1 

(figures 149 and 152), there  are abscesses w i t h  f ib rosed  walls surrounded 

by la rge  zones of organizing pneumonia. Twice there  i s  again evidence of 

"ap las t ic  necrotizing pneumonialf. 

reticulum hyperplasia (Type B) and i n  the other  case the  marrow was ap la s t i c  

(Type A ) .  

The marrow of one of these exhibited 

Two pat ien ts  died of advanced fibrocaseous pulmonary tuberkulosis 

Spleen: The lymphoid t i s sue  s t i l l  i s  usual ly  a t rophic  and a typ ica l  large 

mononuclear cells tend t o  p e r s i s t  but  there  i s  evidence of recovery i n  

ce r t a in  cases. I n  4 t h e r e  are abundant lymphocytes about the  cen t r a l  ves- 
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TABLE 3b, GROUP I11 

Lungs 

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

Specimens Available 9 1 t 3  6 3 1 6  

Focal a t e l e c t a t i s  and emphysema 1 1  

Mu1 t i p l e  hemorrhages 

: Focal a p l a s t i c  pneumonia 2 

Focal necrotizing pneumonia 6 
with pmn (all) 

Same (with organization) 2 

Fibrocaseous pulmonary tuberculo- 
sis A. 

Fibrinous pleurisy 1 

Fibrinopurulent p leur i sy  1 
*-- 
c3 

1 

2 

1 

h 2  3 

2 

1 

Additi onal 

Fibrous p leura l  adhesions 2 1 1 1  

Healed tuberculous foci 1 1 

I n t e r s t i t i a l  pulmonary f i b r o s i s  1 

Tuberculosis of tracheobronchial 1 

Hydro thorax ,- 1 

lymph nodes 
+' 

I 

'r_ 
J% 
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(3 TABLE 35, GROUP I11 

Spleen . 

- Obs erva ti ons Hiroshima Nagasaki 
311 312 321 322 311 312 321 322 - 

.-* 

#. 

Specimens Available 

Perisplenic adhesions 

Decrease of lymphocytes 

Absence of germinal centers 

Atypical mononuclear c e l l s  

Germinal centers present 

Many lymphocytes, no germinal 
centers 

Heayy plasma c e l l  i n f i l t r a t i o n  

Focal necrosis (bac ter ia l  emboli). 

In fa rc t  

Hemorrhage i n  capsule 

1 4 2  6 3 1 5  

3 

4 1  

1 1 

1 1  

5 2  2 

3 1  1 

1 2 1 2  

Tuberculosis 

-100- ( 8 )  
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1 

1 

1 
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sels of t h e  malpighian corpusc?les and i n  two of these germinal centers  had 

begun t o  appear. In  ce r t a in  of the  corpuscles of Key 50, f igu re  153, a 

few la rge  reticulum cells are still  discernible  i n  compact arrangement about 

the periphery of  t h e  co l l a r s  of mature lymphocytesc - 

Lymph Modes: 

centers.  

manifested l o s s  of mature lymphocytes, compaction of reticulum and a typica l  

Lymph nodes were laggard as  regards res tora t ion  of germinal 

These were present i n  the nodes of only one pa t ien t .  Most s t i l l  

large c e l l s  as previously described (figure 154) . 
TABLE 36, GROUP 111 

Lymph Nodes 
1 

Observations 
Hiroshima Nagasaki 

311 312 321 322 311 312 321 322 

Specimens Available. 6 o 1 1 . 5  1 1 1 '  

1 1  Decrease of lymphocytes 5 1 5 
Lymph nodes composed of 1 
t yp ica l  lymphocytes, but  
without germinal centers  

Absence of germinal centers  5 1 

Germinal centers present 1 

Atypical mononuclear c e l l s  6 1 2 

Additional - 

Tuberculosis of h i l a r  nodes 1 

Tuberculosis of tracheobron- 1 
chia l  nodes 
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Bone Marrow: 

hypwplasia  ( f igure 155') especial ly  i n  the  myeloid se r i e s ,  manifest i n  the 

Although the  marrow may remain hypoplastic there  i s  usual ly  

long bones a s  w e l l  as i n  the r ibs ,  sternum and vertebrae. Despite t h e ,  

myeloid hyperplasia, m e j t  pa t ien ts  dying a t  t h i s  stage have a severe anemia. 

This may i n  p a r t  be associated with the  severe infec t ions  which were inva- 

r i ab ly  present. A tgpical example i s  found i n  Key SO, which i s  described: 

I n  a sec t ion  of vertebra,  t he  marrow appears t o  be extremely hyperplastic.  

The c e l l s  a r e  supported within congested and even hemorrhagic t i s sue .  The 

most numerous elements i n  the  c e l l u l a r  population appear t o  be the  younger 

neutrophi l ic  and eosinophi l ic  myelocytes, 

myelocytes, s t a b  c e l l s  and mature polymorphonuclear leukocytes. Occasional 

b l a s t  forms a r e  seen and. some c e l l s  a r e  i n  mitosis.  

megakaryocytes and numerous small is lands of erythropoiet ic  t i s sue .  

l y  large numbers of plasma ce l l s ,  some multinucleated, a l so  are i n  evidence 

There a r e  r e l a t i v e l y  few la te  

There a r e  also many 

Fair-  

together with lymphocytes and l a r g e  s t e l l a g e  pahgocytes f i l l e d  with hemo- 

' s ider in  pigment. 

I n  sect ions of r i b  there  i s  s t i l l  an abundance of "gelatinous marrow,l' 

wi thin which a r e  i s lands  of hematopoietic t i s sue ,  again containing a pre- 

dominance of younger forms (figure 156), The t i s sue  i s  essehtially S M -  

lar t o  t h e  ver tebra l  marrow except for the l a r g e  amounts of i n t e r s t i t i a l  

material. 

I n  portions o f  tissue removed from the  femur of the same pat ient ,  there  

a r e  dense clumps of young c e l l s  with coarselr r e t i c u l a r  nuelei  and abundant 

basophilic cytoplasm. These of ten are associated wi th  i s l ands  'of normoblasts 
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and are thought t o  be basophilic erythroblasts.  

cytes and sca t te red  plasma c e l l s  within an abundant flgelatinousl~ matrix. 

There a r e  a l s o  myelo- 

Smear preparations of these  various t i s sues  s ta ined  by the  Wright- 

Giemqa method a r e  exce1:tently preserved. 

the presence of la rge  nimbers of lymphocytes and of plasma cells, some of 

The only unusual fea ture  i s  
I 

which a r e  multinuclear, The granules of the myelocytes are everywhere 

well-stained even i n  the  youngest forms. 

myelocytes:, but wi th  clear cytoplasm, 

There are some cells resembling 

These m y  be forms intermediate be- 

tween the r e t i c u l a r  eleMentS*and the  myelocytes; they a l s o  suggest lympho- 

cytes. 

Stab c e l l s  and a f e w  pol~morphonuclear leukocytes a l s o  a r e  found. 

For a de ta i led  discussion see the Cl in ica l  Section on the  Marrow ( 0 ) .  

Tha background substance i n  gelatinous marrow deserves some comment. 

It has a de l i ca t e ly  f i b r i l l a r  s t ructure ,  which i s  apparent i n  the H & E 

preparation, 

of f i b r i n  ( f igures  161 and 162). 

I n  Masson and PTAH s ta ins ,  t h i s  material gives the reac t ion  

It is deposited most densely about cells, 

some of which have the  m.orphology of megakaryocytes. Smaller elements, 

more l i k e  reticulum c e l l s  and some c e l l s  intermediate between these and 

megakaryocytes a l s o  a c t  as centers  upon which f i b r i n  i s  deposited (figure 

163) 

I .  

ir 

.. 

Relation t o  Periphera-l Leukocyte Count, 

Relatively few pa t i en t s  who l ived  beyond t h e  s i x t h  week show d a per- 

s i s t e n t  leukopenia, A t  necropsy, the bone marrow i n  these cases showed 

e i the r  evidence of maturirtion defec t  and was hyperplastic, a s  i n  Key 50, 

which has j u s t  been described, o r  t h e  marrow wits of Type A. 

despi te  the hyperplasia of t h e  marrow demonstrated i n  f igu res  156 and 157, 

- I  

I n  Kw 50, 
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TABLE 37,  GROUP I11 

L 

c 

c 

Bone Marrow 

Observations Nagasaki Hiroshima . 
311 312 321 322 311 312 321 322 

Long Bones 

Specimens Available 

Type A: Hypoplasia 

Type R: Marked foca l  
r e  ti c u l m  .hyperplasia 

6 1 3  

1 2 

Type G: Focal myeloid I4 1 1 
regeneration 

1 1 1 3  

2 

1 

1 

1 

1 

Type Dt Marked myeloid l 1 
hyperplasia -- 

Fla t  Bones 

Specimens Available 

Type A j  Hypoplasia 

Type B: Marked foca l  
reticulum hyperplasia 

3 .  

2 

5 -  2 '  L 

1 

3 

1 4 2 1 2  Type C: Focal myeloid 
regeneration 

Type D: Marked myeloid 
hyperplasia 1 

No Bone Marrow 

PMN i n  t i s sues  - .  1 

Additional h -- 
Tuberaulosis 1 

-1oL- (8) 
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the  counts ranged from 3200 on 19 Septamber t o  6500 on 15 October. 

WRORATORY DATA - Key No. 50 

RIN - Mature Stab,Myelo.Meta. Ly L.M. E. B. - - - - - -  Blood Date RBC Hgb rCiBC 
_I- 

19 Sept, 2.2 36 3200 - - - - - - -  
8 Oct. 1.5 31 5100 - - - - - - - - -  

15 Oct, 1.8 62 6500 49.5 25 0 6 13.5 8.5 O O 

a ~ o v .  1*7 35 4300 8 53 5 8 14 7 3 2  

Reticulocytes (15 October 1945) 3 18% 

P l a t e l e t s  (15 October 1945): 45,000 

Protein (CuSOkMethod) 6.6 gm% 

Notable fea tures  of the d i f f e r e n t i a l  counts a r e  the  anemia, and the s h i f t  t o  

the l e f t  i n  the  granulocytic s e r i e s I  

was observed, indicat ing a regenerating but  i n su f f i c i en t  erythropoiet ic  tis- 

sue. 

organizing pneumonia (figures 149-151) . 

A l a rge  number of re t icu locytes  a l s o  

This p a t i e n t  died on the 15th of Movsmber 1945, of a necrotizing and 

I n  most individuals  surviving i n t o  Stage I I I , , t h e r e  was leukocytosis 

associated with hyperplasia of the bone marrow. .This may occur despi te  pre- 

vious leukopenia as i n  Key 118 (subgroup 311) : 
I _  - 

- CLINICAL HISTORY - Key No. 118 - 
This 56 year old-woman 

b l a s t ,  Fa l l ing  walls e f fec  

l egs .  

a wooden Japanese b u i l d n g  

tory.  There was nausea wh a t e  i s  not -s ta ted .  On the 26th of August there  

appeared diarrhea which pers i s ted  t o  the  time of death. 

s a t  0.7 km. She .was thrown a distance by the  
> 

a s l i g h t  contusion of t he  back and of  the  

A t  t he  time o f  -bombing she was out of  doors cu t t ing  grass close t o  

ew findings a re  recorded i n  the c l i n i c a l  his-  

It was of  bloody 
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type. 

there  was a l s o  pigmentation of the skin.  

Epi la t ion was present  bu t  the  date  of onset is  not s ta ted ,  and 

She was unconscious shor t ly  a f t e r  

the b l a s t  and was car r ied  t o  Iaumite where she regained consciousness. 

During the e n t i r e  course the  p a t i e n t  had only a s l i g h t  fever.  ShP died on 

5’ October. 

LABORATORY DATA : RBC Hemoglobin WFjC 

29 August 2.44 56 1050 

1 September 1.74 49 5 70 

7 September 

15’ September 

25’ September 

29 September 

1 October 

3.30 

5.31 

3.92, 

3 7.2 

3.85 

60 1040 

65 2900 

80 3600 

92 11400 

90 17700 

The important les ions  a t  necropsy were a hemorrhagic pneumonia and 

an’u lcera t ive  i leo-col i t i s . .  

, In  t h i s  case there  i s  recovery a l s o  of t h e  erythropoiet ic  tissue. -The 

bone marrow shows reticulum hyperplasia (Type B) ,  a s  i l l u s t r a t e d  i n  f igure 

159 and 160. The t i a t i o n  i n t o  myeloid t i s sue  but  

numerous plasma ce l l  

there  is lymphob’l 

t r a t i o n  of the ti. 

the  lymph nodes of t h i s  case 

is no evidence of leukemic i n f i l -  
, 

I n  -some instances, n pa t i en t s  dying i n  .this period 

ow has almost completely dis- i s  extreme and t 

appeared (Key 14 t h i s  case i s  of Type D. This 

pa t i en t  had a moderate -leukocytosis before his death from a cute pyelonepkrit is  
I 
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on 22 September 1945. 

In te rpre ta t ion  of t h e  Leukocytosis, 

The leukocytosis i s  in te rpre ted  a s  thc  r c s u l t  of st imulation by 

bac te r i a l  products of a bone marrow t h a t  has nearly regained i t s  capacity 

t o  produce ryeloid c e l l s I  It i s  probably not anagolous t o  the leukocytosis 

observed ainong the  pa t i en t s  i n  the Nishiyema d i s t r i c t  of Nagasaki who were 

apparently exposed t o  s p l i t  products of the atomic f i s s i o n ,  

Occurrence of Leukemia8 L - 
The s ingle  case of leukemia i s  presented i n  appendix 1 (Section 8).  

The leukemia is  of t h e  monocytic type, occurring i n  a 19-year-old boy who 

had severe r ad ia t ion  e f f ec t s  including purpura and s toma t i t i s  and a leuko- 

cyte count a s  low a s  850 on 10 September 194s. What r e l a t i o n  the leukemia 

had t o  exposure t o  ionizing rad ia t ions  i s  completely unknown. Papers concern- 
(1) . .  

ing the  leukemogenic ac t ion  of X-rays have been reviewed by Furth . 2e- 

peated exposure of CsT miae to .  l a rge  dosego (a t o t a l  of 1200 r administered 

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

s o  rad io logis t s  a r e  known t o  have a death r a t e  leukemia (Henshaw ) , A 1  
(2) 

(3) .-, 
f r o m  leukemia greater  than tha t -o f  other physicians . It i s  concluded 

. t h a t  Roentgen rays a r e  only weakly leukemogenic and then only a f t e r  a 
* ‘(1) 

long incubation period 

exposure and the appearance of leukemia was l e s s  than 90 days. In  view of 

(l).Furth, J.: Recent Experimental Studies cn.Leukemia. Physiol.Reviews. - 
E). Henshaw, Paul S, t 
Radiology, 43: 
(3).March, Herman C.:- Leukemia i n  Radiologists, - 43: 

.‘ I n  the  present instance the i n t e r v a l  between 
9 

3 26: 47 - 76, 1946, 
Leukemia i n  Mice Following Exposure to-  X-Rays , 

275 - 278, 1944. 
279 - 285, 1944. 
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t h i s  f a c t  and s ince this case t o  da te  has been unique, i t i s  probably 

most reasonable t o  consider it as purely adventitious. 

t h a t  leukemia may occur i n  some of the exposed population, however, must 

s t i l l  be kept i n  mind, 

The p o s s i b i l i t y  

Gastrointest inal  System: ~ 

Ulcerative les ions  of t he  bowel occur occasionally. They again tend-  

t o  be supe r f i c i a l  and t o  be covered with f i b r i n ,  Sometimes the  foc i  of 

necrosis bulge i n t o  the  lumen. 

may appear i n  the les ions,  

r e l a t ive ly  f e w  of these c e l l s  despi te  t h e  hyperplastic marrow and they a re  

I n  t h i s  group polymorphonuclear leukocytes 

In  a t  lease one case, however, the ulcers  contain 

h is to logica l ly  similar t o  those o f  the a p l a s t i c  stage. 

An intussusception of t he  ileum and' local ized p e r i t e n i t i s  occurred 

i n  one pat ient .  Only one case of amebic c o l i t i s  was found i n  the Hiroshima 

se r i e s .  

Fa t ty  changes i n  the l i v e r  are much more common a t  t h i s  s tage than 

a t  any other ,  This may b e  associated with malnutrition. 

l y  i s  midzonal or  pe r ipo r t a l  i n  d i s t r ibu t ion  and sometimes involves more 

The change usual- 

than one-half of t h e  lobule. 

cen t ra l  congestion, i s  i n  e v i  

The mechanism of the cen t r a l  congestion i s  not c l e a r  as there  a r e  no evi- 

dences of acute  les ions  .of the nlyocardium i n  these pat ients ,  despi te  the  

verrucous endocard i t i s . tha t  w a s  encountered i n  two cases nor a r e  there chro- 

n i c  les ions  su 

Complete and de ta i l ed  gross  descr ipt ions of the hea r t  and de ta i l ed  c l i n i c a l  

Necrosis, apparently i n  associat ion with 

_i  

as :marked .mitral s tenos is  t o  account fo r  the congestion. 
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TABLE 38, GROUP I11 

Gastrointest inal  Tract 
P 

Observations Hiroshima Nagasaki 
311 312 321  322 311 312 321 322 

Stomach 

Specimens Available (gross) 9 ' 1  4 3 6 3 1 6  

Acute u i c s r  1 I 

Petechiae 4 1 1  . 1  1 2  

Plasma c e l l  i n f i l t r a t i o n  1 - 

Small In t e s t ine  

Specimens avai lable  (gross} 

Ulcerative e n t e r i t i s  

Petechiae 

9 1  

1 

1 

4 3  6 3 1 6  

1 2 1 

i 2  

Intussusception of ileum 1 

Large In t e s t ine  

Specimens Available (gross) 9 1 4 3  6 3 1 6  
1 1 2  Petechiae 4 -  1 

Ulcerative c o l i t i s  2 1 3 2  2 2 ; 

Strongyloidosis , 1  

Addi ti onal 

u * Ascariasis - 2  3' 1 

Amebic c o l i t i s  I - 1  l i  
A 



r 

TAB= 39 ,  GROUP rrr 
Liver and Gall Bladder 

Observations Hiroshima Nagasaki 
311 312 321 322 311 312 321 322 

Specimens Available 9 1 4 3  6 3 1 6  

Giant nuclei  i n  per icent ra l  hepa-1 
Cic oelfs 

1 

4 . 
c 

Central  congestion ( a l l )  3 1 1 1  

(with necrosis)  1 

Edema of  pe r i cen t r a l  connective 2 1 
t i s sue  

Focal f a t t y  changes 
(per iportal)  1 

(midzonal) 3 

(per icentral)  2 

(diffuse ) 

Focal necrosis 

' 3  1 

2 

1 

2 

1 

2 

1 1  

1 

Additional 

Calculi  i n  g a l l b l a d d e r  

Chronic cholecys t i t i s  

1 

(Ascaris i n  b i l e  duct)  

(calculus i n  choledochal duct) 

(chronic cholangi t is)  

Tuberculosis 

1 

1 '  

1 

1 

1 
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information, however, are not available.  

Pancreas : 

No s ign i f i can t  les ions  are discovered, The a c i n i  a r e  frequently small, 

perhaps i n  associat ion with t h e  malnutrition, bu t  otherwise the c e l l s  a re  

typ ica l  i n  morphology and there  i s  no evidence of  f i b r o s i s ,  

Kidneys : 

The kidneys 2re not remarkable except f o r  one case where there  a r e  nlul- 

t i p l e  abscesses. 

i n  these les ions.  

nuclear c e l l s  i n  the  cortico-medullary sinusoids t h a t  have been described 

Polymorphonuclear leukocytes a re  present  i n  l a rge  nunbers 

I n  one pa t i en t  there a r e  the a typ ica l  la rge  and small monc- 

previously 

TABLE 40 GROUP I11 

Kidney 

Obs e r  vat i ons Hiroshima Nagas alri 
311 312 321 322 311 312 321 322”- -- ----- 

Specimens Available 8 1 4 ’ 3  6 3 1 6  

Hemorrhages of pe lv is  2 1 1  1 

Cloudy Swelling 3 1 1  1 

Scars of Kidney 3 1 1  1 1  1 

Abscesses (with pmn) 1 

Atypical small and l a rge  1 

In fa rc t s  1 

mononuclear cells  i n  sinusoids 

f 

Acute Pyelonephrit is  

Additional -- 
Leiomyoma of Pyramid 1- 

Calculus of pelvis 1 1 

1 Tuberculosis 

-111- (8) 
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Ureters and Bladder: ~ -- 
There a re  petechiae of the  bladder i n  2 cases of subgroup 311 and i n  

one of subgroup 312. 

Testes : -- 
In  t h i s  group, a l l  of whom nialnourished, the atrophy is  much more 

complete than i n  the preceding group (figure 166 and 167). The basement 

membranes a r e  usually thickened and the S e r t o l i  c e l l s  are shrunken. 

the old basement membranes there develops i n  a broad band a l e s s  ce l lu la r ,  

de l i ca t e ly  f i b r i l l a r  connective t issue.  

ly disappeared. 

Within 

\ 

Spermatogenic t i s sue  has com$ete- 

The tubules have beccme shrunken and occasionally a r e  corn-' 

p l e t e ly  hyalinized, The small blood vesse ls  of ten have br ight ly  acidophi l ic  

deposi ts  of mater ia l  beneath t h e  endothelium and rnuscular w a l l ,  as seen i n  

the e a r l i e r  stages., I n  > re l a t ive ly  many cases there i s  now a s l i g h t  but def- 

i n i t e  increase i n  t h e  i n t e r s t i t i a l  t i s sue ,  

TABLE 41, GROUP 111 
Testes 

Specimens Available 5 ' 1  3 2 2 2 0 2  
Atrophy of germinal epithelium 5 1 1 2 2 2  2 

and der iva t ives  
No atrophy 

'Thickening of basement membranes 5- 1 1 1 2 2  2 

Hyaline changes of blood vesse1s;h I 

Hyperplasia of i n t e r s t i t i a l  t i s sue  3 -1 1 

Atrophy of i n t e r s t i t i a l  t i s sue?  1 

of tubules / 

1 

In fan t i l e  1 

with hyperpigmentation 
- % A l l  - *Patient aged 83 
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Pros ta t  e : 

An 83-year-old man, Key No, 66, who w2.s rcputed1.y a t  1800 mcters, has 

an edenocarcinoma, grade 1, i n  the  prostatc.  The testes of t h i s  pat ient ,  

despi te  h i s  cge, are among t h e  very f e w  that show no ovidmce of atrophy. 

In Kcty Xo, 50, an emaciated 31-year-old man dying on the  100th' day, i n  whom 

the  tostes  ?.re extremely atro?hic, t h e  pros ta te  is  also remarkably sLmll 

grossly as are t he  m i n i  and e p i t h e l i a l  cells  h i s to log ica l ly  ( f i g &  168). 

Ovaries : 

I n  2 premenstmd femncles who were within 1500 neters numerous prinary 

follicles are s t i l l  present. Developing f o l l i c l e s  a r e  absent i n  2 in whom 

both corpora albicanticr and primary f o l l i c l o s  are i n  evidence, 

less apparent atrophy thdn i n  the  nalo. 

Them i s  much 

Brrur .  -- 
Suppurati o cozplications a r c  r e l a t i v e l y  frequent,  Them a r e  i n  t h i s  

group, 2 pa t ien ts  with suppuretive meningitis  and one with a ccrcbral  abscess, 

The l a t t e r  my possibly be a tuberculous l e s i o n  s ince th2 pa t ien t  had cnseat- 

ing  puhonciry tuberculosis but h i s to logica l  sect ions are not avzi lable ,  

It mq- be t h r t  some of the  les ions  in te rpre ted  as "henorrhagic" during 

t h e  early s tages  may r e a l l y  rcprcsent infectcd les ions ,  

glcal  sect ions are not available t o  deternine t h i s  n a t t c r  accurctely,  

one pa t ien t  i n  Group 11, the  medulla d e f i n i t e l y  contained l a rge  b n c t o r i d  

masses ( f igure  120). 

Too of tcn  histo3.o- 

In . 

-a 

. I  

. . .  i 

. .  

. .  

I 
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Ovaries and Ul;crus and Tubes 

H i r  o shim 1Vagas-l~ i . Observations -*-u.p__- 

311 312 321 322 311 312 321 322 - .- 
Ovaries 
-_u_ 

Specimens Availczble / ! + o r 1  3 0 1 3  

Postaenopausal 1 1 1 1  

Developing f o l l i c l e s  absent, 
corpora albj. cant ia pres cnt  

I-iemorr hage s 

1 

2 

1 2 

1. 

1 

1 

1 

Uterus and Tubes 

Specimens ava i lab le  
(microscopic) 

Endometrium i n  r e s t i n g  place 

Myomata 

Po stmonopausal 

Eziometr iosis  

Acute Sa lp ing i t i s  

Tuberculosis 

Chronic vag in i t i s  

1 0 1 0  1 

1 1 

1 

1 

1 

1 

‘1 . .  

114 



TABLE 43, GROUP 111 

Specimens Available 
(g ross )  

(microscopic ) 

Petechiae of cerebrum 

Suppurn t ive rnenlngitis with 
Y W  ~ 

k 

. 
3 

i \  

4 

Abscess of occ ip i t a l  lobe+* 

8 

5 

, 1  

2 

Thrombus i n  superior ' 1 
1 ong i tudiml sinus 

1 4 3  

0 3 1  

1 

1 

6 2 1 6  

1 

Add it j. onnl 
---cI_u 

(SAnile plaques ) 

(Microgyria) 

1 

, I  

(Cystic change of l e n t i c u l a r  1 
nucleus ) - 
"Gr os. s , only 

Adrena1.s : - 
The atrophy thfit has been noted previously i s  extrcme and i n  some 

cases involves a1.l l ayers  but espec ia l ly  the  glomcrulosa (figurcs 169 and 

1'70). Again it must be ernphasizcd that these pa t ien ts  are emaciated, 
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- TABU3 44, GXOW I11 

.Adrenals 

Hiroshima Nagasa!ti 
311 312 321 322 311 312 321 322 

--- Observations 

- 
Specimens Available 

(gross) 9 5 3 1 5  

, 

? 

(micros c opi c } 0 5 3 1 5  

Gross evidence of l o s s  of 
l ipoid,  no microscopic sections 
avai lable  

Atrophy of cortox (especial- of 6 
glomerulosa) 

1 

1 

1 5 2 1 5  

Focal f a t t y  changes of c o r t i c a l  1 
epithelium 

'Focal necrosis of c o r t i c a l  epi thel ium. 1 

Periadrenal hemorrhages 1 

Hemorrhages of cor tex 1 1 

Chronic passive congestion 2 

Addi ti o m 1  

1 1  

1' 

1 

1 

Tuberculosis 1 1 

Thyroid: 

Occasionally i n  these emaciated individuals the thyroid shows var ia t -  
L 

ion i n  the s i z e  of the f o l l i c l e s ,  

by l ~ w  cuboidal epithelium and th ick  septa of connective t i s sue  i n f i l t r a t e d  

with lymphocytes t raverse  the organ. I n  view of t h e  malnutrition, the s-ig- 

There are many minute f f i l l i c l e s  l ined  

* -  

L nificance of t h i s  l es ion  i s  d i f f i c u l t  t o  assesst Two of 3 pa t ien ts  shcwing 

t h i s  change are s t a t e d  t o  have been beyond 1500 meters. 
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TABLE 45, GROUP I11 

, 

3 

Thyroid 

Observations Hiroshima Nagasaki 
311 312 321 322 317.. 312 321 322 

Specimens Available 
(gross) 8 ' 1  4 2 

(microscopic) I t 0 0 1  4 2 1 5  
S l igh t  thickening of i n t e r s t i t a l l  2 1 2 

t issue,  and lymphocytic i r i f i l t r a t i o n  

- 
GROUP I11 I 

Pi tu i t a ry  - 
Six p i t u i t a r i e s  a r e  avai lable  i n  h is to logica l  sections.  I n  Key No, 50, 

f igures  171 and 172,  t h e  basophilic ce l l s  arc'remarkable f o r  t h e i r  l-zrgc s i ze ,  

A f e w  are vacuolated, 

The eosinophilic cel ls  on the contrary are  minute and inconspicuous, 

changes i n  t h i s  gland are much less s t r ik ing  than i n  Key No, 42, f i g u r e s  123 

and 124. 

They %are present i n  groups i n  a l l  pa r t s  of t h a  gland, 

Tho 

The t e s t i s  of Key No. 5'0 i s  i l l u s t r a t e d  i n  f igure  167. 

One other p i t u i t a r y  showed s l i g h t  vacuolation of the basophiles, whose 

number, however, was small, 

i s  constantly found i n  sen i le  females (Severinghaus, 

Neck Organs: 

The p a t i e n t  vas a 78 year o ld  woman. 

loc ,  c i t , )  . 
This thane 

7 -  

Necrosis of the tons i l s  may occur i n  t h i s  group, but i t  i s  usually foca l  
-4 

ra ther  than diffuse.  There i s  only .one case avai lable  with microscopic 

sect ions showing ap la s t i c  necrosis !but here there i s  hypoplasia of the bone 

marrow (Type A) , The pa t i en t  died 17 Sept, 194S,(figure 1 7 1 ~ )  . I n  some c a w s  
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where microscopic sect ions a r e  avai lable  and tlic marrow i s  not  ap la s t i c ,  

h 

i 

. 4. 

? 
” 

polymorphonuclear c e l l s  a r e  found within the necrot ic  t i s sue  l i n ing  the 

crypts.  There i s  no hemorrhage. Necrotizing g ing iv i t i s  s t i l l  occasionally i s  

i n  evidence. There i s  usually no necrosis of t h e  larynx o r  ep ig lo t t i s .  ~ 

i TABLE 46, GROUP I11 

Neck Organs 

Observations Hir mhima Nagasaki 
311 312 321 322 311 312- 321 3 2 9 7 -  

-I_ 

Spe ciniens Available 7 1 4 2  6 3 1 6  

Gingivi t is  ( a l l )  3 1 1 

(hemorrhagic ) 2 

(necrotizing) 1 

Necrotizing foca l  t o n s i l l i t i s  k 1 2 1 

1 

Scars o f  t o n s i l s  1 

Chronic g l o s s i t i s  1 

Laryngitis  1 

Skin : -- 
Petechiae in these l a t e  cases a r e  r a r e ,  Hair f o l l i c l e s  i n  this group 

of ten show evidence of regeneration. There i s  renewed d i f f e ren t i a t ion  of the 

i n t e r n a l  r o o t  sheath, a regrowth of t he  papi l la  and decrease i n  the  thickness 

of the  basement membrane.and a new ha i r  sha f t  burrows i t s  way outwards through 

the plug of ke ra t in imd  epithelium a t  the  mouth of the f o l l i c l e ,  .A completely 

atrophic  f o l l i c l e  showing a11 of t h e  changes described i n  Group I1 i s  i l l u s -  
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r * 

t r a t e d  i n  f igure  175. I n  f igu re  1 7 7  a r e  shown the beginnings of -the re-  

generative processa A ha i r  well advanced i n  rcgcneration from the same 

pa t i en t  i s  shown i n  f igure  137, This process of atrophy and regeneration 

i s  a recapi tu la t ion  of the  usual processes of lqss and replzcement of the 

ha i r .  It has been described i n  d e t a i l  by Auburtin-x (figure 178) ,  I n  the 

adul t  ha i r  usually grows from the sane root  f o r  3 o r  4 years. 

i s  f a i l u r e  of d i f f e ren t i a t ion  of the i n t e r n a l  r o o t  sheath, the  basv "rnent mem- 

Then there  

brane thickens, pigment beccmes i r r e g u l a r l y  d is t r ibu ted  and the h a i r  i s  

extruded, j u s t  a s  i n  the i r r ad ia t ed  individuals ,  Regeneration takes ,?lace 

apparently from the same f o l l i c l e  and the  kerat inized t i p  of the new ha i r  

capped with a new. i n t e r n a l  r o o t  sheath burrows i t s  way through the old plug 
I 

a t  the mouth of the f o l l i c l e .  

condensed i n  time and involves the  great  majority of f o l l i c l e s  a t  a blow. 

I n  the i r r ad ia t ed  individual  the p romss  i s  

Perhaps a l s o  i n  these f o l l i c l e s  the atrophy i s  rnwe complete, , t he  thickening 

of t h e  glassy membrane i s  greater,  but regeneration nevertheless occurs. 

Regeneration is  evident c l i n i c a l l y  i n  individuals  w i t h  severe ep i l a t ion  

within 7 weeks a f t e r  the  explosim.  

I n  emaciated individuals  of t h i s  group decubitus u lcers  occasionally 

occur, a s  i s  t o  be expected, 

wuburt in ,  G. Veber physiologische und pathologische Verschiedenheiten dzs 
Haarhodens. 

beim Haarwiederersatz . 
Inaug, - Disscrt., Berlin, 1895. 

mburtirl,  G. Das Vorkornnen vnn Kolbenhaaren und d i e  Veranderungen derselben 
llrchiv f .  mikroskop4Anatomie : 47: 472-5'00, 1896. - 
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TABLE, 47, GROUP I11 

Skin 

Observations Hiroshima Nag as aki 
311 312 321. 322 311 312 321 322 

Specimens available 9 1 4 3  6 3 1 6  

Epilation 5 1 1  2 1  3 

Hemorrhages 3 2  1 

Decubitus ulcers 1 1 3 2  2 

Eczema 1 

-120- (8) 120 



r, Appcndix 1 (8H) 

A Case of Xonocflic Leukemia 

Case Rcport3c: M. Matsuo, Autopsy Key #224 

This  19-year-old schoolboy was a t  c? munitions fac tory  i n  Nagasaki, 

ir approxiimtely I ki lone tcr  removed fron the  center,  He l o s t  consciousness 

and sustained r? s l i g h t  burn of the r i g h t  leg a t  the  bombing. A few day@ 

I n t e r  he suffsred from anorexia but graduaally recovered, 
I 

On 28 August op i lz t ion  appeared and on 3 Soptanbe& there  was f a v m  

accompanying the  onset of petechiae and sore t@ont. 

Ile wcs admitted t o  t h e  hospi ta l  on 8 Septenber. A t  t h i s  t lnc them 

wore petechiae over t h e  whole body, pa r t i cu la r ly  upon the  abdomen. 

pharynx was congested but there  m s  no necrosis.  

Tho 

A t  t h i s  time t h e m  was 

a rmrked decrease i n  t h e  red-count although the  hemoglobin WF-S 100 per 

cent. 

creased, 

There w c s  imrked leukopenia and the  sedimentation riLtC: WLS in- 
-I 

, The nucleatcd ce l l s  of the m r r o w  were only 22,600 and there was 

an excess of lyrqhocytes and p l a s m  ce l l s .  

wcre adninistered and the bones were i r r ad ia t ed  with lfultra s h o r t  iJave.ll 

Vitamin B and. l i v e r  ex t rac t  

Hc inproved, the white c o k t  reaching 5500 short ly  before his dischc.rgc 

on 30 September 1194.5. 

hemoglobin, 

H i s  red count was DOW 3.29 with 77 per cent 

V 
He returned t o  school after leaving t h c  hospitc.1 and had no cocplaints. 

For 3 days after 4 Xoveinber he. worked hard a$ tho r i c e  hervest  and con- 

* k ,  - ++Abstracted, i n  pnrt ,  fron "Report of a Case of Monocytric Leucemia Occurring 
Following the  'Atonic Bonb Diseasetf1 by Ds. Tando Misao, D r ,  Yoslihichi 
Hclrada and D r .  K. Hattori ,  * F a c u l t y  of I\ledicinc, Kyusliu h p o r i % l  Univcrsity. 

\ 
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M O N O  C Y T I C  L E U K E M I A *  

Chart somollrd b y t  h f .  T. M h o ,  M.D., V. Hafada, M.D,, K hottorl,M O., Pukuoko 



plained of a t i r e d  fee l ing .  On the  evening of 6 November there  was a 

' sensation of f eve r  accompanied by headache, swelling of t he  gums with 

bleeding, pharyngitis  with pain i n  t h e  th roa t  and d i f f i c u l t y  i n  swal- 

1 owing . 
The next day he had a high fever and there  were petechiae of t h e  

extremities. 

re-admitted t o  the hospi ta l  on 1 2  Nnvember, 

On 9 November he had some sanguineous s t o o l s  and was 

A t  t h i s  time h i s  pulse r a t e  was elevated t o  120. There was edema , 

and pa l lo r  of the  face. 

were swollen. Petechiae were noted on the mucous membrane of the cheek. 

The s o f t  palate,  pa r t i cu la r ly  on the r i g h t  side,  was remarkably swollen 

and was p a r t l y  covered with a th ick  white membrane, There was gangrene 

of the  r i g h t  t ons i l .  

there  was hemorrhage from the  drum of the  l e f t  middle ear. 

.were seen a l so  on each r e t ina ,  

t o  the s i z e  of the  thumb and several  a x i l l a r y  nodes of t h i s  s i z e  were a l s o  

seen. 

Petechiae were sca t te red  everywhere. The gums 

Erosions were seen on the  nasal  mucous membrane and 

Hemorrhages 

The lymph nodes of t he  neck were enlarged 

Both the  l i v e r  and spleen were found t o  be s l i g h t l y  below the cos t a l  

margin upon c l i n i c a l  examination , 

Laboratory examinations showed 

The s too l s  were ta r ry 'and  d ia r rhea l  

a few red  blood c e l l s  i n  the urine. 

and were strongly posi t ive f o r  blood. 

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

..of c e l l s  thought t o  be monocytes. Eighty-one per cent o f  these c e l l s  

phagocytized charcoal i n  l i v i n g  premra t ions .  

of a l l  c e l l s  were posi t ive by the peroxidase react ion and-0.9 per cent of 

Two and one-half per  cent 

the monocytes were posi t ive.  A t  t h i s  t i m e  the nucleated c e l l s  of the marrow 
0 
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numbered 566,400 per  cubic mill imeter,  

of them consisted of monocytes, including many young forms. 

these c e l l s  were i n  mitosis and some vacuolated forms were a l s o  found. The 

Ninety-one and two-tenths per cent 

A few of 

hepatic and splenic  punctures showed c e l l s  of similar type. 

Course i n  Hospital: H i s  temperature was sustained a t  3 9 O  t o  40' C, 

and the  pulse r a t e  was 100 t o  120. 

Solution, vitamins B and C, "cardiac tonics" and gargles. A t  approximately 

0130 of 16 November dyspnea appeared, the  respiratory rate being 44 t o  48 

He was given 1000 CC. of Ringer's 

and there  was tachycardia of 140 t o  160, and he died a fcw hours l a t e r  i n  

collapse. 

The important laboratory and temperature da ta  a r e  summarized i n  the 

accompanying chart. 

Findings a t  Mecropsyt Gross Note::? There were petechiae of the skin,. -- -- _ _  
pericardium, pleura, peritoneum, Glissonts capsule, rena l  pelves, pharynx, 

esophagus, l a rge  i n t e s t i n e  and suSmucosa of o r a l  cavity, 

100 cc, of f l u i d  blood were found i n  the per i tonea l  cavity.  

Approximately 

Sinall f o c i  of 

hemorrhage were seen i n  the  pulmonary parenchyma. There was necrosis of 

the right tonsil and a gray membrane involved both t o n s i l l a r  regions and t h e  

s o f t  palate.. On t h e  mi t r a l  valve a few verrucous masses were seen. Focal , ?. 
+3 

pneumonia was  found i n  t h e  lower lobe of the r i g h t  s ide.  

weighed 230 grams aid on the cu t  surface had an i r r egu la r ly  mottled, dark 

red appearance, 

cerv%:ca;h, mediastinal and ax i l l a ry  regions wsre enlarged as were those of 

the stomach and in tes t ines .  Hemorrhagic erosions and small u lcers  were seen 

The spleen 

x .  

The trabeculae were ind i s t inc t ,  The lymph nodes of the  
-i 
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throughoirt the  gas t ro in tes t ina l  t r a c t ,  

were found i n  the kidneys which wem thought t o  be in fa rc t s ,  

Microscopic, Notes: 

Pyramidal ycllow-gray zones 

Large numbers of nononuclear c e l l s  a re  found throughout nost  of t he  

t i s sues ,  The c e l l s  occur i n  c losely compacted groups and conseqwntly 

s o m  are polygonal i n  outl ine,  and an occasional c e l l  has a spindle shcpc, 

l4ost of the c e l l s  present spherical  o r  s l i g h t l y  indcntcd nucl-oi with 

pro:iinent~nucleoli, 

the  c c l l s  as seen i n  the peripheral blood, 

a typica l  c e l l s  have beoonc necrotic,  

The cytoplasm is  apparently much less abunda2t than i n  

I n  m n y  places groups of thc 

Such nononucl-ear i n f i l t r a t i o n s  a r e  s i tua ted  among the muscle f i b r e s  

of thc heart ,  sone of which consequently have becone atroplric, 

blood vessels of the in tc rs t i t ium a l so  are f i l l -cd with a typica l  ce l l s .  

The sriall 

. 

The w a l l s  of  the a lvool i  of tho lungs are thickened by l a rge  riuribcrs 

of the a typica l  nononuclcar ccl1.s. There i s  a l so  foca l  :iecrosis about the 

bronchioles, whose walls a l so  have become necrotic,  Polymorphonuclear 

c e l l s  a r e  not seen, 

In the l i v e r  the per icentral  sinusoids a re  especial ly  involved and 

there  a re  only occasional mononuclear c e l l s  i n  the  .per iportal  connective 

t issue.  

s t r i k ing ly  atrophic,  

The-hepatic c e l l  cords a t  t h e l r  cen t ra l  ends have become 

I n  the in t e s t ines  there  a r e  tremendous submucosal i n f i l t r a t ions .  but 

The l a t t e r ,  however, has become necrot ic  these are fewer i n  the mucosa, 

i n  la rge  f o c i  i n  many places, 



I 

I n  s t r i a t e d  muscle there  is  massive i n f i l t r a t i o n  of c e l l s  ainong the  

f ib re s ,  some of which have become atrophic. 

mononuclear elements is found i n  mitosis. 

Occasionally one of the 

Groups of  c e l l s  have become 

necrotic but f o r  the most par t  the t i s sue  is well-preserved. 

In  the pharynx there  a r e  s t r ik ing  i n f i l t r a t i o n s  i n  subepi thel ia l  

position. The epithelium i n  the sect ion aval lable ,  however, appears 

in t ac t .  

Large i .n te rs t i%ia l  and perivascular i n f i l t r a t i o n s  a re  found throughout 

the kidneys. 

pos 5. ti on, 

Many ce1l-s of the mononuclear type a l s o  occupy a subcapsular 

The lymph nodes consist  of so!!id masses of the mononuclear c e l l s  

which have +previously been described. These ax-e la rge  f o c i  of necrol;is. 

The small fragment of marrow tha t  is  avai lable  contclins oiiLy a few 

la rge  f a t  ce l l s .  

c e l l s ;  these have the same morphology a s  they have elsewhere i n  the  t issues .  

No 5.slands of erythropoietic o r  myelopoietic tissue of the usual type ai.e 

There a re  Large septa composed of masses of mononuclear 

seen, 

The vessels of the brain contain la rge  mononuclear c e l l s  i n  massive 

numbers; there  is EO i n t e r s t i t i a l  i n f i l t r a t i o n  i n  t h i s  orgdn, is\ 
1 

a! 

-125- (8R) c 



. 

c 
-t 

Y 

Notes on Case of Monocytic Leukemia by Consulting Hematologists: 

The smear and t h e  sect ions were submitted f i r s t  t o  Prof3ssor Downey, 

then .to Professor Bloom for  examination. D r .  Oowney was i n  agreement t h a t  

monocytic leukemia was the  proper diagnosis on tha bas i s  of t h s  predominant 

monocytes or iginat ing from b l a s t s  i n  t h e  myeloid apparatus. 

Neither would cxpress an opinion on the  probablz r e l a t i o n  t o  the  

e f f e c t s  of ionizing radiation. 

c e l l  type. However,'he f e l t  a f t e r  study t h a t  it was a Schi l l ing  type - 
properly designated reticuloendotheliosia.  He pointcd out c e l l  types 

where t h i s  seemed evident t o  him. 

l ike"  forms i n  t h e  per ipheral  blood, 

There were prepondwantly " re t icu lar  
-i 

Because of the close packing of the  

leukemic c e l l s  i n  the t i s sues  he was unable t o  observe any i so l a t ed  

instances of the  r e t i c u l a r  "buddinglt o r  p ro l i f e ra t ion  which he bel ieves  

i s  a usable fea ture  of t he  s t a t e .  

Dr. Blooril, on t h e  other  hand, while agreeing with the diagnosis 

of monocytic leukemia, contsnded t h a t  it bras-the Naegeli type, with the 



Appendix 2 (8H) 

PATIIOLGGIC CFANGES 13 T,% EYE 

Ex iiolenor Campbell Wilder 

The following observations were based on the  microscopic exaxination 

of 18 eyes removed a t  autopsy from Japanese who died 24 t o  33 days f o l l o w  

ing the  Iliroshima bombing. 

a s ing le  microscopic s l i d e  and ce l lo id in  block of each was subinitted t o  

t h i s  Laborator3;. 

pa t ien t  received. 

those notsd i n  the  sect ions examined may have been prcsent i n  meas lzot 

ava i lab le  f o r  stndy, 

The eyas hod Feen sectioned i n  Japan and only 

I n  no instance was an ent i re  globe or  both eyes of  a 

It i s  possible t h a t  pathol.oglc changes other  than 

Three pathologic conditions were observed which appewei  d i r e c t l y  o r  

i nd i r ec t ly  r e l a t ed  t o  i r r ad ia t ion :  oatasact  murt be considered t h e - d i r e c t  

effect of i r rad ia t ion ;  hemorrhage t h e  r s su l t  of blood dyscrasia;  s e p t i c  

choro id i t i s  t h e  r e s u l t  of t h e  subsequent severe i-nfections accompanied by 

septicemia. 

Degenerative changes i n  some degree were seen i n  t h e  lenses  of 1 5  eyes. 

These were l imited t o  the c o r t i c a l  f ibers  and were usually most prominent 

a t  the  poster ior  pole, 

Vacuoles of  various s izes  appe 

was wrinkled over areas, o 

Anteriorly and a t  the  eq 

-vacuoles smgler ‘and t h e  

ly benea.tl.1 t he  

eneration (Fig, 1 and 2). 
1 -  

e usuadly less- marked, the  

wsg i n t a c t  ( f j  g 3) .  

t 
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I' In two instances (Key No, 22 and 43) t he  lens  was not included i n  the 

blocks and i n  one (Key No, /$) it appeared normal. 

Although degenerative changes may occur i n  the  l ens  r a the r  soon a f t e r  

- 
t death, t h e  b r i e f  period which elapsed between death and autopsy i n  these 

*. cases, the  exce1.lent preservation of  other s t ruc tures  of t he  eyas, part<.- 

cular3.y of the  r e t inas ,  and the  ra ther  marked degrea of c o r t i c a l  degencra- 

< t ion ,  indicated t h a t  t he  ca t a rac t s  were due t o  i r r ad ia t ion ,  r a the r  than t o  

postmortem degeneration. 

I n  one eye (Key No. 29) a conjunctival hemorrhage ( f ig .  4 ) y  noted 

- 
c .  

c l i n i c a l l y ,  was ident i f ied  on microecopic exminat ion,  

con jmic3.val stroma. was i n f i l t r a t e d  by mononuclear ce l l s .  

The suryoundiqg 

A small pre re t ina l  hemorrhage ( f ig .  5) was found i n  one eye (Ksy. 

No, 28) and a f e w  red blood ce'ils were seen streaming ov:t i n t o  the  vi t reous 

chamber, 

nerve f i b e r s  appeared swollen ( f ig .  6). 

region of edema, 

I n  one r e t i n a  (Key No. 28) there  was a sinall arza i n  which the  

This may have represented a 

Sept ic  choroidi t is"  was present i n  17 eyes, This was mnnifcstcd by . 

+tFriedenwald, J, S,,  and Rones, E., Arch, of Oph-thal,, 5: 175-158, 1933. 
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i n f i l t r a t i o n ,  pa r t i cu la r ly  of the  poster ior  choroid, by large mononuclear 

cells, a sca t t e r ing  of lymphocytes ( f igs .  '7 and 8) 

c e l l s  and Russell bodies ( f ig .  9). 

those which i n  varying degrees i n f i l t r c t e d  

quently packed choroidal veins ( f ig .  lO)-but were rarely seen i n  the  

arteries, 

the  bone mirrow of the  same pat ient ,  engorged many o f  the  c a p i l l a r i e s  of 

the  choriocapiJ.laris (fig, 11). 

and occasional plasm 

Imge mononuclear c e l l s ,  similm t o  

t h e  choroidal stroma, fre- 

I n  one case (Key No, 39) b a c i l l i ,  resembling those found i n  

In  t h e  absence of r epor t s  of ophthalmoscopic exam?nat,ion of these 

18 eyes, it i s  not known whether ca ta rac ts ,  r e t i n a l  hemorrhages 3rd 

exudates, or other  intra-ocular pathologic condttions were observed 

c l in i ca l ly .  
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Fig. 1--(8). Autopsy Key # 1. Harada. Age 13. Male. 1300 meters. 
D i e d  9 A u g u s t  1945, 3d day. Lung. Emphysema and atelectasis. Edema of 
pleura, X 100. (Photo File  # BM 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, 6 th  day. Edema of peribronchial and perivascular 
t i s sues .  Thickening of some interalveolar  septa resu l t ing  *om edema 
and swelling of the  c e l l s  l i n ing  the  alveol i .  
o l i .  X 125. (Photo F i l e  # IHM 135; A.M.M. Accession #158930-76.) 

Emphysema of other alve- 
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Fig, 3--t8).  Autopey EEgy # 2 8  Onfehi, Age 24, Male, 800 metere, 
Died 10 August 1943, 4th day8 Bg10en8 MrkgQI shrinkage Of MlgighiU 
body, DiB&ggeare9Oe of lyqphooybes and of oella from Blllroth's oorde, 
Aoidophilio refractile material in subendothelial poeit  ion of' central 
vessel, X 100. 

J 

(Photo File # EM 102; A.M.M. Accession, 466158930-74,) 
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Fig. 4--(8). Autopsy Key # 2. Onishi. Age 24. Male. 800 meters. 
Died 10 August 1945, 4th day. Spleen. Disappearance of lymphocytes 
from sites of malpighian corpuscles. 
of la rger  (germinal center?) c e l l s .  Acidophilic r e f r a c t i l e  material  
i n  subendothelial t i s sues  of cent ra l  a r t e r i e s .  X 400. (Photo F i l e  
# BM 100 (K); A.M.M. Accession #158930-73.) 

"Necrobiosis". of lymphocytes and 
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Fig .  5- - (  8) Autopsy Key # 3.  Sakuma. Age 15. Male. 1000 meters. 
Died 11 August 1945, 2th day, Spleen. Malpighian corpuscle. Paucity 
of lymphocytes. Giant c e l l  resembling Reed Sternberg c e l l .  Hemorrhage 
in  and about malpighian'follicle. 
A.M.M. ACCe88iOn # 158930-75. ) 

X 165. (Photo File  #HM 107 (IC); 

J 

1 .  . .  

. j  

I 
i 

. .  

' I  
I 
~ 

, 



f' 

, 

Fig. 6--(8). Autopsy Key # 3.  Sakma. Age 15. Male 1000 meters. 
Died 11 August 1945, 5 th  day. Spleen. Erythro-phagocytosis. Atypical 
large mononuclear c e l l s .  X 730. (Photo F i l e  # HM' 120 (K) ;  A.M.M. 

. Accession #158930-75 and -74.) 2 . 
Y 



Fig. 7--(8). Autopsy Key # 3. Sakuma. Age ly. Male. 1000 meters. 
Died 11 August 1945, 5th day. Spleen. 
Large atypical mononuclear elements. Group of minute nuclei. X 350. 
(Photo File  # HM'121 (K); 

Knot of reticulum ce l l s  a t  center. 

A.M.M. A c c e s s i o n  # 158930-75.) 
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Fig. 8--(8). Autopsy Key # 9. Sakamoto. Age 25. Male. 1500 meters. 
Died 14 August 1945, 8th day. Tissue i n  neighbor- 
hood of central  ar ter ioles .  Only rare  lymphocytes are present. N w r -  
ous large atypical mononuclear elements, some i n  mitosis. 
(Photo F i l e  # EM 138; 

Very s l igh t  burns. 

X 400. I 

A.M.M. Accession 158930-81.) 



Fig. 9-- (8) .  Autopsy Key # 98. Tanmi. Age 19. M a l e .  Distance unknown. 
Died 16 A u g u s t  1945, 10th day. Lymph node. Collapsed r e t i cu la r  skelton 
supporting a very f e w  mature lymphocytes. (Photo File # HM 282; 
A.M.M. Accession 158930445. ) 

X 160. 
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Fig .  io--(8). Autopsy Icey # 3. Sakuma. Age 15. Male. 1000 meters. 
Died 11 August 1945, 5th day. Only a few 
lymphocytes remain. No germinal centers. Compacted reticulum. X 90. 
(Photo File # HM 111; A.M.M. Accession 158930-75.) 

Prepancreatic lymph nodes. 

? 
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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 cel ls ,  one with peculiar nuclear figure, perhaps in  atypical mitosis.  
X 350., (Photo Fi le  # HM 110; A.M.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. 
Reticulum cells. Plasma-like cells. Some large cells intermediate in 
appearance between the latter and the reticulum cells. 
topoietic tissue. Erythrophagocytosis by some of the reticular elements. 
This is the earliest histological specimen of bone marrow available. It 

(Photo File # EM 131, (K); A.M.M. Accession 158930-77 and -68.) 

Bone marrow derived from long bone. 

No normal hema- 

would be classified as marked hypoplasia, "Type A," (see Group 11). X 650 a 
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Fig. l3--(.8). Autopsy Key # 98. Tamai. Age 19. Male. Distance un- 
lmown. Died 16 August 1945, 10th day. Bone marrow, sternum. Hypoplasia. 
Plasma cells arranged adventitially in relation to the sinusoids. 
large cells intermediate in appearance between the .plasma cells and ele- 
ments of the reticulum. This is the earliest histologic specimen of 
nkrrow available from a bone where there is usually active hematopoiesis. 
Its classification is "marked hypoplasia" "Typ A" 
(Photo File # BM 283 (K); A.M.M. Accesaion 158930-145.) 

Sope 

(see Group TI). X 400. 

.. 



Fig. 14--(8). Autopsy Key # 100. Ueki.  Age 32. Female. Distance un- 
known. Died 18 Auguat 1945, 12th day. Bone marrow. M a n y  plasma c e l l s .  
Focal hyperplasia of reticulum. 
between plasma ce l l s  and elements of the reticulum. 
cytoid differentiation is remarkable. No erythropoietic tissue or mega- 
karyocytes are in evidence. 

284 (K);  A.M.M. Accession 158930-147.) 

Some ce l l s  intermediate in appearance 
The atypical plasma- 

& 

This marrow is  classified as "marked focal 
reticulum hyperplasia," Type B (see Group 11). X 400. (Photo File # HM r. 
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Fig. 15--(8). Autopsy Key #5. Yano. Age 39. Male. 1000 meters. Died 
12 August 1945, 6th day. Epithelial  c e l l  with enormous nucleus 
a t  base of crypt..  Relatively abundant plasmacytoid cells i n  the lamina 
propria. X 810. 

Ileum. 

(Photo Fi le  # EM 127; A.M.M. Accession 158930-77 and 
-68. ) 

\ 



Fig. 16--(8). Autopsy Key # 5. Yano. Age 39. Male. 1000 meters. 
Died 12 August 1945, 6th day, 
gland, 
is In  process of mitosis.  
cession 158930-77 and -68. ) 

Ileum, e p i t h e l i a l  c e l l  of i n t e s t i n a l  

(Photo F i l e  # HM U8; A.M.M. Ac- 
I r regular  clumping and sca t te r ing  of chromosomes i n  c e l l  t h a t  

X 810. 
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Fig. 17--*(8). Autopsy Key # 2. Onishi. Age  24. Male. 800 mters. 
Died 10 August 1945, 4th day. 
i n  t r i p o l a r  mitosis. X 650. (Photo File # HM 125; A.M.M Accession 
158930-74 and -75. ) 

In tes t ine .  Base of crypt. Ep i the l i a l  c e l l  
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Fig. 17A--(Section 8). Autopsy Key # 175 (Nagasaki). Yamada. Age 18. 
Female. Distance unknown. Died 20 Augi l s t ,  11th day. Intestine.  Atypi- 
c a l  ep i the l ia l  cells a t  base of  crypt. X 600. (Photo F i le  NMl59; A.M.M. 
Accession # 158930-175. ) 4 
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Fig. 17B--(Section 8). Autopsy Key # 175 (Nagasaki). Yamada. Age 18. 
Female. Distance unknown. Died 20 August, 11th day. Intestine. Super- 
ficial ulcers lined by masses of bacteria. Edema of submucosa. No leuko- 

'F cytic infiltration. X 25. (Photo File NM 160; A.M.M.  Accession #15893O- 
175* 1 
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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 per i -  
cen t ra l  t i s sues .  
venules. X 250, (Photo F i l e  # EM 126, (IC); A.M.M. Accession 158930-74 arid 

Large nuclei  i n  the c e l l s  of the cords nearest the cent ra l  

-75.) ._ 

, 
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Fig. 19--(8). Autopsy Key# 9. Sakamoto. Age 25. Male. 1500 metdrs. ' 

Died 14 August 1945, 8th day. 
tion containing large mononuclear cells, one in mitosis. 
File # HM 137, (IC); 

Kidney. 

A.M.M. Accession 158930-81.) 

Venules at cortico-medullary junc- . 
X 400. ' (Photo 
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Fig. 20--(8). Autopsy Ecey #12. Komiya. Age 33. ,Male. 700 meters. Died 
15 August, 9th day. Kidney. 
taining small and large mononuclear elements. 
255; A.M.M. Accession 158930-85. ) 

Sinusoids of outer section of medulla con- 
X 115. (Photo F i le  # HM 
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Fig. 21--(8). Autopsy Key # 2. Onishi. Age 24. Male. 800 meters. Died 
10 A u g u s t ,  4th day. ' Testis. Sloughing of spermatogonia from basement mem- 
brane whereon r e s t  increased numbers of Ser to l i  ce l l s .  Decreased numbers 
of spermatids 'and mature spermatozoa i n  lumina of tubules. Mitotic figures 
are  re la t ively rare;  X 160. (Photo F i l e  # HM 122, (K); A.M.M. Accession 
158930-74 and -75.) 
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Fig. 22--(8). Autopsy Key # 2. Onishi. Age 24. Male. 800 meters. 
Died 10 August, 4th day. The lumina of the tubules contain 
not only the  mature spermatozoa but a l so  the remnants of t h e i r  precursors 
t h a t  have sloughed away i n  various stages of necrosis.  
#HM 123, (K); A.M.M. Accession 158930-74 an& -75.) 

Rete t e s t i s .  

X 230. (Photo File 
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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 l ipoid.  Edema 
of subcapsular connective t i s sue .  Masson s t a in .  X 60. (Photo F i l e  # HM 
124, (K); A.M.M. Accession 158930-74 and -75.) 

-c 

c ., 
- .  

6 -  

! 

: I 
i 



I .  

f '  

i .. 

I 1 

~ 

-'. 
, 
1 -  - Fig. 24--(8). Autopsy Key # 1. Harada. Age 13. Male. 1300 meters. Died 
t 9 August 1945, 3d day. Thymus. Scarcity of mononuclear ce l l s .  X 165. 
I (Photo F i l e  # EM 105; A.M.M. Accession 158930-73.) 
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Fig. 23--(8). Autopsy Key #98. Tamai. Age 19. Male. Distance unknown. 
Died 16 August ‘1945, ‘10th day. Remarkable swelling, 
vacuolation, f’ragmentation, and desquamation in the squamous epithelium. 
Edema of connective tissues. Atrophy of lymphoid tissue. Tremendous 
lymphectasia. 
scattered throughout the areolar tissue. 
(IC); A.M.M. Accession 158930-143. ) 

Wall of pharynx. 

Occasional plasma cells and large mononuclear cells 
X 100. (Photo File # HM 336 

. . .  
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Fig. 26- - (8 ) .  Autopsy Key # 98. Tamai. Age 19. Male. Distance un- 
known. Died 16 August 1945, 10th day. Pharynx. Ep i the l i a l  swelling and 
fragmentation. Edema of wall. X 450. (Photo F i l e  # HM 332, (K); A.M.M. 
Accession 158930-145. ) 
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Fig.. 27--(8).. Autopsy Key # 98. Tamai. Age 19. Male.' Distance un- 
known. Died 16 August 1945, 10th day. 
squamous e p i t h e l i a l  ce l l s .  Atrophy of' others. S w e l l i n g  and loss of  
s ta in ing  qua l i t i es  of nuclei .  Micronuclei ( ? )  in one c e l l  near surface. 
Parakeratosis a t  surface. Dilatat ion of l y q h a t i c s  and edema of tongue. 
X 130. (Photo F i l e  # EM 330, (K) ;  A.M.M. Accesfiion 158930-143.) 

Swelling and vacuolation of'some 

. .  



Fig. 28--(8). Autopsy Key #5. Yano. Age 39. Male. 1000 meters. Died 
12 August 1945, 6th day. Necrosis of  epithelium and 
outer layers of derma. 
action. Changes i n  sweat glands. X 50. (Photo F i le  # HM 130, (IC); 
A.M.M. Accession 158930-77 and -68. ) 

Skin, burned zone. 
Bacterial masses i n  derma, without cel lular  re- 

’” 

160 



i’ 

161 

, .. 

I 

Fig. 29-- (8) .  Autopsy Key # 5.  Yano. ‘Age 39. Male. 1000 meters. Died 
12 August 1945, 6th day. Skin, burned zone. Bac ter ia l  mass within 
e rec tor  p i l i  muscle. Squamous metaplasia of epithelium of duct of sweat 
gland. Vacuolation and shrinkage of  acinar  c e l l s  of sweat glands. Tkick- 
ening of basement membranes. Collapse of some ac in i .  X 100. (Photo F i l e  
# BM 129; A.M.M. Accession 158930-77 and -68.) 



Fig. 30--(8). Autopsy Key # 3. Sakuma. Age 15. Male. 1000 meters. 
Died 11 August 1945, 5th day. 
change of connective t issue.  
and fibroblastic elements. X 100. (Photo F i le  # HM 118, (K); A.M.M. 
Accession 158930-74 and -75. ) 

Skin, beneath burn. Edema and qyxomatous 
Proliferation and swelling of his t iocyt ic  
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Fig. 31--(8). Autopsy K B ~  # 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. 
clusively of large mononuclear ce l l s .  
Accessin 158930-75. ) 

The exudate is almost ex- 
(Photo Fi le  # BM 113; A.M.M. X 350. 
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Flg. 32--(8). Autopay Key # 4. Eume. Age 32. Male. lo00 meters. 
Died 12 August, 6th day. Zone of 
greatest deatructlon of epithelium at "A." Epithelium partly preserved 
at  "B." Note depimntatlon. At "CS" zone of hyperpigmentation. X 15. 
(Photo File # HM 134, (K); A.M.M. Accession 158930-76.) 

Partly burned skin, general view. 
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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. In f i l t r a t ion  with 
large mononuclear elements, which also are i n  process of  necrosis. En- 
largement of Section "A" of orieqtating photograph. 
# HM 133, (K);  A.M.M. Accession 158930-76.) 

X 100. (Photo F i le  



\ 

Fig. 34--(8). Autopsy Key # 4. Kume. Age 32. Male. 1000 meters. Died 
12 August 1945, 6th day. 
numbkrs of s t e l l a t e  melanophores among the ep i the l ia l  cel ls .  Enlargement 
of section junctional between' "B2" and "C" of  the orientating view 
ure 32). 

Hyperpigmentation of skin a t  r ikht.  Large 

(Fig- 
X 200. (Photo F i le  # EM 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 1943, 27th day. Heart: radiation effect, aplastic 
anemia, petechiae in epicardium. (Photo File # HS 307, (K); A.M.M. Acces- 
si'on # 158930-92. ) 



Fig. 36-(8). AutopBy Key # 43. Horfnouchi. A@ 33. Male. 1000 
met0re. Died 7 September 1943, 33d day. Heart and kidney, 
sub-capsular hemorrhage6 and intraparenchymal petechiae of kidney. 
Subendocardial hemorrhage of left ventricle in region of conduction bun- 
dle. (Photo File # HS 326 b; A.M.M. Accession # 158930-107,) 

1. Intra- and 
2. 
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Fig. 37--(8). Autopsy Key # 29. Murakami.' Age 22. Male. 1000 meters. 
Died 1 September 1945, 27th day. Heart. Perivascular and i n t e r s t i t i a l  
i n f i l t r a t ion  with small and large mononuclear ce l l s  and plasma ce l l s .  
X 220. (Photo File #EM 154; 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 aplastic pneumonia with surrounding hemorrhage. (Photo 
F i l e  # €E 319; A.M.M. Accession # 158930-100.) 

Focal necrotizing bronchiolitis and 

< t 

i 
L. 



'Y 
I 

3 

.& . . 

,,: 
?, 

. .  

. ,  
_ .  

171 
. I  

, 

Fig. 39--(8). Autopsy Key # 40. Motoyama. Age 29. Male. 1000 meters. 
Died 5 September, 30th day. Lung. Focal necrotizing bronchiolitis and 
focal necrotizing aplastic pneumonia with surrounding hemorrhage. 
ous pleurisy. 

Fibrin- 
(Photo File # €E 322 (K); A.M.M. Accession # 158930-104.) 
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Fig. 41--(8). Autops; Key #44. Araki. Age  22. Male. 1000 meters. D i e d  
8 -September 1945, 33d day. Lung. Focal necrotizing bronchiolitis and 
focal pneumonia w i t h  surrounding hemorrhage. (Photo F i l e  #ELS 329; A.M.M. 
Accession # 158930-108. ) 
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Fig. 42--(8). Autopsy Key # 26. Kitsunai. Age s t a t ed  variously as 22 
o r  28. Male. 1000 meters. Died 1 September 1945, 20th day. Lung: 
Focal necrotizing bronchio l i t i s  and foca l  pneumonia with surrounding hem- 
orrhage. (Photo F i l e  #HS 305 a; A.W.M. Accession # 158930-90.) 

c 



J 
. .  . . -  r---- - -- L 

c . 
I 

I 
I 

I 

t. 

i 

Fig. 43--(8). Autopsy Key # 46. Kurihara. Age 22. Male. 800 meters. 
Died 8 Septeuiber 1945, 33d day. 
rotizing aplast ic  pneumonia with surrounding hemorrhage. (Photo F i le  
# E3 331; A.M.M. Ac’cession # 158930-110. ) 

Lung. Necrotizing bronchitis and nec- 
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Fig. 44--(8). Autopsy Key # 29. Murakami. Age 22 o r  24. Male. 1000 
meters. Died 1 September 1945, 26th day. Lung: Focal necrotizing 
tuberculous bronchiol i t is  and foca l  tuberculous pneumonia with surround- 
ing hemorrhage. 
(K); A.M.M. Accession # 158930-93.) 

Organizing tuberculous pleurisy.  (Photo F i l e  # HS 311 
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Fig. 45--(8). Autopsy Key # 21. Iseoka. Age 45. Male. 1000 meters. 
Died 30 August 1945, 24th day. Lung. Necrosis of bronchiole. Bacterial 
masses attached to wall. Necrotizing and hemorrhagic pneumonia. X 100. 
(Photo File # 'BM 145; A A M .  Accession # 158930-83. ) 
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Fig. 46--(8). Autopsy glss # 47. Naka. Age 35. %male. 800 meters. 
Dled 24 August 1945, 18th d.ay. Lung. 
rhagic aplastic pneumonia." Bacterial mas8e8 near center of the lesion. 
Lining menibram of bronchiole mar center of lesion is campletelynecrot- 
i c .  X 50. 

Focus of "necrotizing and hemor- 

(Photo File # BM 242; A.M.M. Accession # 158930-111.) 
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Fig. 47--(8). Autopsy Key # 119. Nagato. A g e  26. Female. 1300 
msters. Died 27 Auguet 1945, 21st day. Lung. Edema of pleura. Necro- 
tizing and hemorrhagic "aplaetic pneumonia." 
288 (K); A.M.M. Accession # 158930-9. ) 

X 115. (Photo File # HM 
. .  
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Fig. 48--(8). Autopsy Key #45. Akagi. Age 28. Male. 1000 meters. 
Died 8 September 1945, 33d day. 
has sloughed away. Lumen is f i l l e d  w i t h  small and large mononuclear 
cells and with occasional polymorphonuclear leukocytes and s t ab  c e l l s .  
X 130. (Photo F i l e  # EM 240; A.M.M. Accession # 158930-109.) 

Bronchiole. Par t  of e p i t h e l i a l  l i n ing  
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Fig. 49--(8). Autopsy Key # 40. Motoyama. Age 29. Male. 1000 meters. 

monia. Necrosis of portion of wall of blood vessel. 
possible mechanism of bacteremia. 
Accession # 158930-104. ) 

‘Died 5 September, 30th day. Lung. Necrotizing and hemorrhagic pneu- 
This indicates a 

X 130. (Photo F i le  # HM 230; A.M.M. 
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Pig. 50--(8). Autopsy Key #47. Naka. Age 35. Female. 800 meters. 5 

t o t a l  disappearance of typical lymphocytes. 
macytoid elements remain. 
i c ,  refract i le  material beneath endothelium of central  ar ter iole .  
X 135. (Photo F i le  # EM 247, (K); A.M.M. Accession # 158930-111.) 

1 Died 24 August 1945, 18th day. Spleen. Malpighian corpuscle. Almost 
A f e w  small and large plas- 

Deposition of hyaline homogeneous, acidophil- 
- 
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Fig. 51-48). Autopsy Key # 121. Sakinishi. Age 45. Male. 1000 
maters. Died 30 August 1945, 24th day. 
sue. Atypical large mononuclear elements. Hyaline changes i n  w a l l s  of 
central  arteries. X 400. [Photo F i l e  # HM 306, (K); A.M.M. Accession 

Spleen. Atrophy of lymphoid ti?- 

# 158930-46. ) 
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Fig. 52--(8). Autopsy Key # 35. Takahashi. Age 31. Male. 1000 
meters. Died 3 September, 28th day. Spleen. Condensation of reticulum 
about central  a r te r ies  of malpighian corpuscles. X 120. (Photo F i l e  
# HM 223, (K); A.M.M. Accession # 158930-99.) 
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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 s t a in .  X 235. (Photo. ’ 

F i l e  # HM 224, (K); A.M.M. Accession # 158930-35.) I 
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I Fig. 54--(8). Autopsy Key # 35. Takahashi, Age 31. Male. 1000 meters. 
1 Died 3 September, 28th day. Spleen. Condensation of syncytial reticulum 
I 

I 

a t  margin of regenerati% 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.?hihara. Age 22. Male. 1000 meters. 
Died 4 September, 29th day. Spleen. Condensation of syncytial reticulum 
at periphery of regenerating malpighian corpuscle. 
nal center. See Figure 56. X 145. (Photo F i l e  # ~ 2 6 ,  (IC); A.M.M. Acces- 

Beginnings of germi- 
~. 

s ion # 158930-102. ) - 
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Fig. 56--(8). Autopsy Key # 38. Bmihara. Age 22. Male. 1000 msters. 
Died 4 September, 29th day. Spleen. Syncytial reticulum condensed a t  
margin of regenerating malpighian corpuscle. A t  the right,.among the  small 
lymphocytes, a re  large,  pale c e l l s  resembling the germinal center ce l l s ,  as 
w e l l  as  the reticulum a t  the periphery. 
(Photo F i l e  # BM 227; A.M.M. Accession # 158930-102.) 

Enlangement of Figure 55. X 550. 

.. . 





Fig. 59--(8). Autopsy Key # 104. Poshitomi. 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, ce l l s  
with the morphology of lymphoblasts and some elements intermediate in ap- 
pearance between these and the elements of the reticulum. 
F i le  # EM 286, (K); A.M.M. Accession # 158930-151.) 

X 115. (Photo 

. i' 



Fig. 60--(8). Autopsy Key # 104. Yoshitomi. Age 14. Male. 1000 'meters. 
Died 27 August 1945, 21st day. Lymph node. 
very few. Runeroue 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 # HM 263, (K); A.M.M. Acces- 
sion # 158930-151. ) 

Mature small lymphocytes are 
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Fig. 61--(8). Autopsy Key # 30. Nagashima. Age: variously 23 or 28. 
Male. 1000 meters. Died I September, 26th day. Lymph node. General 
view. Absence of secondary follicles. Very few small lymphocytes remain. 
Numerous plasma cells and larger cells intermediate in appearance between 
them and the elements of the reticulum. 
vacuolated cytoplasm in peripheral sinusoid. 
granulation tissue. X 120. 
#158930-94 7 

'. 
Large mononuclear cells with 

Thickening of capsule by 
(Photo File # HM 213; A.M.M. Accession 
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Fig. 62-48) .  Autopsy Key # 30. Nagashima. Age: variously 23 o r  28. 
Male. 1000 meters. Died 1 September 1945, 26th day. Lymph no&. Pau- 
c i t y  of mature typical lymphocytes. 
ce l l s  intermediate in  appearance between these and the elements of the 
reticulum. 
eral  sinusoid. X 430. 

Numerous plasma ce l l s  and large 

Large mononuclear ce l l s  with vacuolated cytoplasm in  periph- 
(Photo Fi l e  # EM 214, (IC); A.M.M. Accession 

# 158930-94.1 
. .  
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Fig. 63--(8). Autopsy B y  # 28. Kawaura. Age 22. Male. 1000 meters. 
Died 1 September 1945, 26th day. near edge of focus of 
necrosis. Large mononuclear elements with folded nuclei, probably atyp- 
i c a l  re t icu lar  ce l l s .  Occasional plasma ce l l s .  Hemorrhage. X 450. 
(Photo File # EM l52j A.M.M. Accession # 158930-92. ) 

Lymph node. 
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Fig. 64--(8). Autopsy Key # 119. Nagado. Age 26. Female. 1300 meters. 
Died 29 August 1945, 23d- day. . 
Tspe A marrow. X 13. (Photo F i l e  # EM 340, (K)3 A.M.M. Accession 

Bone marrow. Rib. Extreme hypoplasia. 

# 193930-9.) 
1 .  
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Fig. 65--(8). Autopsy Key # 39. Takeuchi. A g e .  29. Male. 1000 
msters. Died 4 September 1945, 29th day. 
plasia (Type A marrow). Reticulum and plasmacytoid elements. G i e m s a  I 

stain. 

Bone marrow (rib).  Hyyo- 

X 180. (Photo F i l e  # BM 184, (K); A.M.M. Accession # 158930-103.) . 
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Fig. 66--(8). Autopsy Kby # 39. Takeuchi. Age 29. Male. 1000 meters. 
Died 4 September, 29th day. 
ce l l s .  
a ion  # 158930-103.) 

Bone marrow, femoral. Group of reticulum 
X 1200. (Photo File  # I&l 187, (IC); A.M.M. Acces- Giemsa stain. ' I  
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Fig. 67--(8). Autopsy Kay # 23. Satoi. Age ?. Male. 1000 meters. Died 
31 August  1945, 25th &y. Bone marmw (femoral). Type A marrow. General 
view. Small clumps of reticulum ce l l s  and plasmacytoid elements. Occa- 
sional megakaryocytes. Giemsa stain. X 235. (Photo File # HM 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 1943, 26th 4ay. Bone marrw. Femoral (Type A marrow). 
Reticulum and plasma ce l l s .  Erythrophagocytosis. X 1000. (Photo Fi le  
# HM 200, (K); A.M.M. Accession # 158930-9.) 
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Fig. 69--(8). Autopsy Iceg # 25. Shintaku. Age 3. Male. 1000 meters. 
Died 31 August 1945, 25th day. 
Groups of reticulum cel ls ,  lymphocytes, and plasmacytoid elements. Is- 
lets of  erythropoietic tissue persist. 
F i l e  # ID¶ 195, (K); A.M.M. Accession # 158930-89.) 

Bone marrw (femoral). General view. 

Type A marrow. X 230. (Photo t 
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Fig. 70--(8). Autopsy Key# 27. Omura. Age 22. Male. 1000 meters. 
Died 1 September 1945, 26th day. 
plasma cells, and young nlgelocytes. 
Accession # 158930-91. ) 

Bone marrow, sternum. Reticulum cells, 
X 1000. (Photo F i l e  # EM 250; A.M.M. 
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Fig. 72--(8). Autopsy B y  # 22. Michihara. Age 17 o r  23 variously. 
Male. 1000 meters. Died 31 August 1945, 25th day. Bone marrow,  verte- 
bral. General view. Numerous reticulum ce l l s  and occasional blast cel ls .  
Groups of streptococci near dilated blood vessel. Giemsa stain. See 
Figure 82. X 230. (Photo F i l e  # EM 182, (K); A.M.M.  Accession # 158930- 
86.1 \ 
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Fig. 73--(8). Autopsy Key # 22. Michihara. Age 17 or 23 variously. 
Male. 1000 meters. Pied 31 August 1945, 25th day. Bone marrow, verte- 
bral. Reticulum and plasmacytoid elements. Occasional blast ce l l s .  
Giemsa stain. X 1200. (Photo File # lQ4 181, (K);  A.M.M. Accession 
# 158930-86. 

. .  . .  
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Fig. 74 -~ (8 ) .  Autopsy Key #43. Horinouchi. Age 33. Male. 1000 meters. 
Died 7 September 1943, 32d day. 
of reticulum cel ls .  others have prominent nucleoli. some ce i i s  are found 
t o  have myelocytic granules i n  giemsa stained smears. Note sawage shaped 
and polymorphous' nuclei of certain elements. Plasma ce l l s  are also pres- 
ent i n  large nunibere. Type B marrow. X 1020. (Photo File # HM 317, (K); 
A.M.M. Accession # 158930-107. ) 

Some ce l l s  with nuclear characteristics 



Pig. 7 3 - 4 6 ) ,  A’utogSy Kby 43. Horinouchi. Age 33. Male. 1000 

shaped orlls without granules or with mry few granules, transitioncrl 
between tbeo  as8 retioulum cel ls .  Plasma ce l l s  a d  lyqphocytes. Blast 
oelle are rare. Buoh obsellrstiorre suggest that the myelocytes can de- 
velop directly f’rom tho reticulmJ without passing t h r o w  the blast 
stage. X 800. (Photo F i l e  # BM 320, (9); A.M.M. Accession # 158930-107.) 

mstere, Diad 7 Septerdber 19 t 3, 32d day. Wlocytes  and s l m l l 8 r  spindle- 
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Fig .  76--(8). Autopsy B y  # 41. Takano. Age 23. Male. lo00 meters. 
D i e d  5 September 1945, 30th day. Reticulum hyperpla~ie. Prominent 
nucleoli in some c e l l s .  Some c e l l s  are st i l l  spindle-shaped and others 
have become rounded. Some plaema cells are present. Giema stain. '- 

X 1020. (Photo Fi le  # BM 324, (K); A.M.M. Accession # 158930-105.) 
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Fig. n-- (8) .  Autopsy Key # 41. Takano. Age 23. Male. 1000 meters. 
Died 5 September 1945, 30th day. Beticulum hyperplasia. Giant c e l l  
(young megakaryocyte). Prominentnuzleolicin some ce l l s .  Plasmacytoid 
nuclei i n  others. Giemsa stain.  X 1020. (Photo F i le  # HM323, (K); 
A.M.M. Accession # 158930-105. ) 
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Fig. 7&(8). Autopsy Key # 29. Murakami. Age: variously 22 O r  24- 
Male. 1000 meters. Died 1 September 1945, 26th day. 'Bone marrow, 
femoral. Proliferated reticulum. Islands or erg4hropoietic tissue. 

'(Photo File # 'EM 203, (IC); A.M.M. Accession Giemsa stain. X 1000. 
# 158930-93. 



Fig. 79--(8). Autopsy Key # 29. Murakami. Age: variously 22 or 24. 
Male. 1000 meters. Pied 1 September 1945, 26th day. 
femoral. Proliferated reticulum ce l l s  and blast ce l l s .  The basophilic 
cytoplasm of the latter is shrinking. 
File  # HM 204, (K); A.M.M. Accession # 158930-93.) . 

Bane marrow, 

Giemsa stain. X 1000. (Photo 
' 
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Fig. 81- (8). Autopsy Key # 68. Tokui. Age 36. Male. 1000 meters. 
’ Died 5 September 1945, 30th day. Hyprplastic polymorphous marrow. Some 

ce l l s  are spindle-shaped and have the delicate nuclear membrane a d  chro- 
matin st ippling of reticulum cel ls .  
thicker nuclear menibranes, and basophilic cytoplasm of blapts. 
ce l l s  have the granules of myelocytes. 
(Photo F i le  # BM 327, (K) j A.M.M. Accession # 158930-128. ) 

Others have the prominent nucleoli, 

Others are plasmacytoid. X 800. 
Some 
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Fig. 82--(8). Autopsy Key # 22. Nchihara. Age:  variously 23 QT 17. 
Male. 1000 meters. Died 31 August 1945, 25th day. Bone marrow, verte- 
brae. Streptococci in  wall of sinusoid, without local tissue response. 
Giemsa stain. X 1100. 
86.) 

(Photo F i l e  # EM 183, (k);~AJd,&+Acessian # 158930- 
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Fig. 83--(8). Autopsy Key # 39. Takeuohi. Age 29. Male. 1000 meters. . 
Pied 4 September 1945, 29th day. Bone marrow. Rib. Focus of necrosis. 
Giemsa stain. X 230. (Photo File  # HM 197, (IC); X.M.M. Accession # 158930- 
103. 
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Big. 84--(8). Autopsy K e y #  39. Takeuchi. Age 29. Male. 1000 m e t e r s .  
Died 4 September 1945, 29th day. Bone marrow. Rib. Bacilli in large 
numbers withou c e l l u l a r  reaction. 
-198, (IC); A.M.M. Accession # 158930-103.) 

Giemsa s t a in .  X 1000. (Photo F i l e  # Hh 
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1 -  Fig. 85--(8). Autopsy Key # 26. Kitsunai. Age 22 o r  28 variously. Male. 

(Photo F i le  # HS 304; A.M.M. Accession # 158930- 
1000 meters. Died 1 September 1945, 26th day. Stomach. Petechiae of 
gastric mucous membrane. 
90.1 
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Fig. 86--(8). Autopsy Key # 21. Iseoka. Age 45. Male. 1000 meters. 

superficial ulcera of mucosa of stomach. 

vature and in a f e w  places elsewhere. (Photo F i l e  # HS 301, (K);'A.M.M. 
Accession # 158930-85.9 

. Died 30 August 1945, 24th day. Stomach. Edema, hemorrhage, necrosis, and c 

The process is diffuse, except 
for  a narrow band of well-preserved mucou~ membrane along the lesser cur- ~ -j 

f - 
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Fig. 87--(8). Autopsy Key # 21. Iseoka. Age 45. Male. 1000 meters. 
Died 30 A u g u s t  1945, 24th day. Stomach. Focal necrosis. Bacter ia l  
masses a t  surface. Plasma c e l l  i n f i l t r a t i o n  of wall. X 81. (Photo F i l e  
# BM 146; A.M.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  ukera-  
t i on  of mucous membrane. Fibrinous exudate adheres i n  large irregular 
shreds, Diffuse hemorrhage of submucosa. (Photo Fi le  # HS 321; A.M.M. 
Accession # 158930-102. ) 
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Fig. 89--( 8). Omura. A g e  22. Male. 1000 meters,. 
Died 1 September 1945, 26th day. Intestine. Necrosis and hemorrhages 
of mucous membrane. 
A.M.M. Accession # 158930-51. ) 

Autopsy Key # 27. 

Ileocecal valve involved. (Photo File # "3 306; 

. .  
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Fig go--( 8). Autopsy Key # 35. Takahashi. Age 30. Male. 1000 meters. 
Died 3 September 1945, 28th day. 
ileum. 
valve. 
A.M.M. Accesaion # 158930-99.) 

Intestine. 
2, hemorrhages and ulcers of ascending colon and ileo-cecal 
3, hemorrhages of descending colon. (Photo File # HS 317, (K); 

1, focal hemorrhages of . 
r* . 
4 
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Fig. 91--(8). Autopsy Key # 24. Chiba. Age 27. Male. 1000 meters. 
Died 3lAugust  1943, 25th day. Ileo-cecal valve. Radiation e f f ec t .  
ap l a s t i c  anemia, focal ,hemorrhages and necrosis of mucosa of i leo-cecal 
valves and ascending colon. (Photo F i l e  # HS 302; A.M.M. Accession 
# 158930-88. ) 
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Fig. 92--(8).  Autopsy Key # 37. Takeda. Age 25. Male. 1000-meters. 
Died 4 September 1945, 29th day. 
rhage of ileo-cecal valve and ascending colon. (Photo F i le  # HS 320; 
A.M.M. Accession # 158930-101. ) 

Ileo-cecal valve. Necrosis and hemor- 
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Fig. 93--(8). Autopsy Key # 103. Yokota. Age 14. Female. 1800 meters. 
Died 23 August, 14th day. Colon. Necrosis. Absence of leukocytic re- 
action. X 30. (Photo File # BM 257; 
A.M.M. Accession # 158930-150. ) 

Edema and lymphectasia of submucosa. 
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Fig. 94--(8). Autopsy m y  # 43. Horinouchi. Age 33. Male. 1000 
meters, Died 7 September 1945, 32d day. Margin of ulcer. The exudate 
consists of small and large mononuclear ce l l s  and plasma cel ls ,  without 
polymorphonuclear leukocytes. 
sion # 158930-107. ) 

X 130. (Photo F i le  # ElM 235; A.M.M. Acces- 
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Fig. 95-- ( 8). Autopsy Key # 89. Kbroki. Age 23. Male. 1000 meters. 
Died 27 A u g u s t ,  21st day. Liver. Focus of necro5is. The c e l l u l a r  exu- 
date is scanty and consists almost e n t i r e l y  of plasma ce l l s ,  many of  which 
a r e  represented only by granblar pyknotic debris.'? 
# BM 273; A.M.M. Accession # 158930420.) 

X 200. (Photo F i l e  
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Fig. 96--(8). Autopsy Key # 30. Nagashima. Age: variously s ta ted as 
23 o r  28. Male. 1000 meters. Died 1 September 1945, 26th day. Kidney. 
Petechiae ia parenchyma of kidney, hemorrhage i n  mucous membrane of 
pelvis. 
F i l e  # 

There is no evidence of glomerulonephritis histologically. (Photo ' 

312; A.M.M. Accession # 158930-94.) 
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Fig. 97--(8), Autopsy Key # 42. Moriseko. Age 27. Male. 1000 meters. 
Died 6 September 1945, 3 l s t  day. 
edema. 
Accession # 158930-106. ) 

Pelvis of' kidney. Hemorrhage and 
No leukocytic in f i l t ra t ion .  X 130. (Photo F i le  # HM 234; A.M.M. 



Fig .  98--(8). Autopsy Key # 91. Kato. Age 24. Male. 1000 meters. 
Died 29 A u g u s t  1945, 23d day. Kidney. 
bules of sinusoids in outer parts of medulla. 
275, (K); A.M.M. Accession # 158930-27. ) 

Large mononuclear cells  in tu- 
X 400. (Photo F i le  # EM 
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Fig. 99--(8). Autopsy Key # 30. Nagashima. Age: variously s ta ted as 
23 or 28. Male. 1000 meters. Died 1 Septeniber 1943, 26th day: Bladder. 
Hemorrhage i n  mucous membrane of  bladder. (Photo F i l e  # €E 314; A.M.M. 
Accession # 158930-94; ) 
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Fig .  100--(8). Autopsy Keg # 30. Nagashima. Age: variously s ta ted as 
23 o r  28. Male. 1000 meters. Died 1 September 1945, 26th day. Testes. 
Atrophy. (Photo File # HS 313; A.M.M. Accession # 158930-94. ) 
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L Fig. 101--(8). Autopsy Key # 27. Omura. Age 22. Male. 1000 meters. 

germinal epithelium and i ts  derivatives i n  lumina of tubules.which are  
l ined  by S e r t o l i  c e l l s .  (Photo F i l e  # €lM 149; A.M.M. Accession 

r -  Died 1 September 1943, 26th day. Test is .  Atrophy. Necrotic remnants of 

X 125. 
# 158930-91.1 
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Fig. 102--(8). Autopsy b y  # 28. Kkwaura. 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. 
interst i t ial  tissues. 
vessels. 

Edema of 
Waline subendothelial changes of small blood 

X 125. (Photo Fi le  # EM 150; A.M.M. Accession # 158930-92.) 
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Fig. lO3--(8). Autopsy Key # 31. Veda. Age 45. Male. 1000 meters. 
Died 2 September 1945, 27th day. 
thelium. 
parts of the Sertol i  ce l l s .  
X 120. (Photo F i le  # ECM 217, (K); A.M.M. Accession # 158930-95. ) 

Testis. Disappearance of germinal epi- 

Hyperplasia of i n t e r s t i t i a l  ce l l s  Is l ight) .  . 
Heads of  spermatozoa and spermatids remain embedded i n  d i s t a l  

235 
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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 i ts  derivaties. Hyperplasia of i n t e r s t i t i a l  t issue.  X 115. (Photo 
F i le  # BM 228; A.M.M. Accession # 158930-103.) 
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Fig. 105--(8). Autopsy Rey # 46. Kurihara. Age 22. Male. 800 meters. . 
Died 8 September 1945, 33rd day. Testis. Atrophy of tubules. Bear 
basement membrane, among the Ser to l i  cel ls ,  i s  an ovoid c e l l  with a 
hyperchromatic nucleus thought t o  be a persistent element of the germinal 
epithelium. X 450. 

4 .  

(photo F i l e  # HM 241; A.M.M. Accession # 158930- 
110. ) 
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Fig. 106--( 8). Autopsy Key # 40. Motoyama. Age 29. Male. 1000 meters. 
Died 5 September 1945, 30th estis. Atrophy. Tubule containing 
"giant c e l l ,  " apparently pro 
plasm of spermatids. (Photo F i l e  # BM 231; A.M.M. Accession # 158930-104.) 

y fusion and compaction of the cyto- 

i 

8 

'I 
c 

. 

i 

/ -  '\ 



'i 

.- 

I 
i 
, 

Fig. lO7--(8). Autopsy B y  # 41. Takano. Age 23. Male. 1000 msters. 
Died 5 Septeniber 1945, 30th day. 
See Figure 106. (Photo File # HM 232; A.M.M. Accession # l5893O-lOg.) 

Testis. Tubule containing "giant cell." 
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Fig. 108--( 8). Autopsy Key # 91. Kato. Age 24. Male. 1000 meters. 
Died 29 August 1943, 30th day. Tes t i s .  Atrophy. " G i a n t  c e l l "  i n  lumen 
of tubule, which is  l ined  e n t i r e l y  by S e r t o l i  ce l l s .  .The "giant" c e l l  
has probably resul ted from compaction and f'usion of s p e m t 5 d s .  
Figures 106 and 107. 
# 158930-27 

See 
X 400. (Photo F i l e  # EM 274, (K) ;  A.M.M. Accession 
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Fig. lOg--(8). Autopsy Key # 128. Fukuhara. . Age' 8. Male. Between 500 
and 1000 meters. 
Thickening OP basement membranes of tubules. The epithelium is w e l l  pre- 
served. X 100. (Photo F i le  # HM 338, (IC); A.M.M. Accession # 158930-40.) 

Died 15 September 1945, 40th day. Immature Testis. 
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Fig. 110--(8). Autopsy Key # 36. Morita. Age 21. Female. 1000 meters. 
Died 3 September 1945, 28th day. 
trium and in right ovary. (Photo F i le  # €IS 318; A,M.M. Accession # 158930- 

Pelvic organs. Hemorrhages in endome- 

100. ) 
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Fig. 111--(8). Autopsy Key # 36. Morita. Age 21. Female. 1000 meters. 
Died 3 September 1943, 28th day. Ovary. Shrunken primary fo l l ic les .  No 
developing fo l l ic les .  Corpora albicantia present elsewhere i n  t h i s  ovary. 
X 235. (Photo F i le  # HM 216; A.M.M. Accession # 158930-100.) 
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Fig. 112--(8). Autopsy Key # 47. Naka. Age 35. Female. 800 meters. 
Died 24 August 1945, 18th day. Ovary. Shrunken primary fo l l ic le .  X 500. 
(Photo File # HM 244; A.M.M. Accession # 138930-111.) 
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Fig. 113--(8). Autopsy Key. # 47. N a k a .  Age 35. Female. 800 meters. 
Died 24 A u g u s t  1945, 18th day. 
(Photo F i l e  # HM 245; A.M.M. 

Endometrium i n  "resting phaso." X 50. 
Accession # 158930-111.) 
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Fig. 114--( 8). Autopsy Key # 119. Nagado. Age 26. Female. 1300 
meters. Died 29 A u g u s t  1945, 23d day. Ovary. Paucity of primary 

Corpora a lb icant ia  present elsewhere in t h i s  ovary. 
# BM 303; A.M.M. Accession # 158930-9.) 

- f o l l i c l e s .  Atresia of surviving f o l l i c l e s .  No developing f o l l i c l e s .  L 

X 115. (Photo F i l e  
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Fig. 115--(8). Autopsy Key # 119. Nagedo. A g e  26. Female. 1300 
meters. Died 29 A u g u s t  1943, 23d day. Ovary. A t r e t i c  follilcle: 
"nurse cells'' clumped a t  center. 
X 450. (Photo File # HM 281, (K); A.M.M. Accession # 158930-9.) 

Enlargement of Fortion of Figure 114. . 
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Fig. 116--( 8). Autopsy Key # 119. Nagado. Age 26. Female. 1300 
meters. Died 29 August 1945, 23d day. Chkry. Deposits of hyaline re- 
f r ac t i l e  acidophilic material beneath endothelium of blood vessels. 
Similar t o  changes seen i n  stroma of testis. 
X 175. (Photo Bile # ED4 304; A.M.M. Accession # 158930-9.) 

Compare Figure 102. 
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Fig. 117--(8). Autopsy Key # 61. Shimizu. Age 38. Female. 1100 
meters. Died 11 September 1945, 36th day. Ovary. Involuting corpus 
luteum of pregnancy. 
# 158930-121. ) 

X 100. (Photo Fi le  # BM 334, (K); A.M.M. Accession 
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Fig. 118--(8). Autopsy Key # 61. Shimizu. Age 38. Female. 1100 
meters; 
uterine cavity. 

Died 11 September 1945, 36th day. Fragments of decidua from 
X 100. (Photo File # HM 335; A.M.M: Accession 158930- 

121.) 
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Fig. 119--( 8). Autopsy Key # 42. Moriseko. Age 27. Male. 1000 
meters. Died 6 September 1945, 31 days. 
of f rontal  lobe. 
arachnoid space. 
F i le  # HS 324; A.N.M. Accession 158930-106.) 

Brain. 
Massive hemorrhage i n  medullary cis tern of sub- 
Petechiae of subependyma of l a t e r a l  ventricle. (Photo 

Sub-pial hemorrhage 
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Fig. 120--(8). Autopsy Key # 60. Shigeta. Age 44. Female. 800 
meters. Died 11 September 1943, 36 days. Focus of necrosis 
i n  medulla, surrounded by hemorrhage. A small bacter ia l  mass which 
appears black i n  the photograph l i e s  near center of the lesion. 
(Photo F i le  # EM 333, (K); A.M.M. Accession 158930-120.) 

Brain. 

X 100. 
d 
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, Fig. 121--(8). Autopsy @y# 95. Akagi. Age 28. Male. 1000 meters. 
Died 8 September 1945, 33d day. 
l a r  stratum of cortex. 
X 265. (Photo F i le  # EM 236; A.M.M. Accession 158930-109.) 

Adrenal. Focus of necrosis i n  fascicu- 
In f i l t r a t ion  of large f a t - f i l l ed  phagocytes. 
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Fig. 122~- (8). Autopsy Key # 45. Akagi . Age 28. Male. 1000 meters. 
Died 8 September 1945, 33d day. 
ce l l s  and groups of ce l l s  i n  the cortex. 
ce l l s  in the fascicular stratum i n  mitosis .  
A.M.M. Accession 158930-109. ) 

Adrenal. Fatty changes of scattered 
Several cor t ical  ep i the l ia l  

X 210. (Photo F i le  # EIM 237; 
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Fig. 123--(8). Autopsy Key # 42. Moriseko. Age 27. Male. 1000 
meters. Died 6 September 1945, 31st day. Pituitary.  Vacuolation of  
groups of basophilic ce l l s  (castration ce l l s ) .  
297, (K); A.M.M. Accession 158930-106.) 

X 175. (Photo F i le  # BM 

t 
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Fig. 124--( 8). Autopsy Key # 42. Morissko. Age 27. Male. 1000 
meters. Died 6 September 1945, 21st day. Pituitary.  Vacuolated large 
basophilic ce l l s  (castration ce l l s ) .  Hyperplasia of basophilic ce l l s .  
X 400. (Photo F i le  # 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 24. Male. 1000 meters. Died 1 September 1945, 26th day. Tongue. 
Necrosis and hemorrhage. (Photo F i le  # HS 310; A.M.M. Accession 158930- 
93.1 
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Fig. 126--(8). Autopsy B y  # 44. Araki.  Age 22. Male. 1000 meters. 
Died 8 Septeniber 1945, 33d day. Viscera. Radiation effect ,  aplast ic  
anemia, acute ulcers of ep ig lo t t i s  w i t h  surrounding hemorrhage, acute l in -  
gual t o n s i l l i t i s ,  multiple hemorrhages of mucosa of g a l l  bladder, focal 
necrotizing pneumonia with surrounding hemorrhage. (Photo F i le  # HS 328; 
A.M.M. Accession 158930-108.) 
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' Fig. 127--(8). Autopsy Key # 46. Kurihara. Age 22. Male 800 meters 
Died 8 September 1945, 33rd day. 
g lo t t i s  and ago-epiglot t ic  folds . Necrosis of faucial  tons i l s  
T i l e  # E3 332; A.M.M. Accession 158930-110.) 

Neck organs. Edema and necrosb of epi- 
(Photo 
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Fig. 128--(8). Autopsy Key # 35. Takahashi. Age 30. Male. 1000 meters. . 
Died 3 SeptennSer 1945, 28th day. Larynx. Radiation effect ,  aplastic 
anemia, necrosis of tons i l s ,  hemorrhage and edema of epiglot t is  and aryo- 
epiglot t ic  folds.  (Photo F i le  # Hs 316, (K);  A.M.M. Accession 158930-99.) 
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4 Fig. 129--(8). Autopsy Key # 26. Kitsunai. Age: variously 22 or  28. 

- ' Male. 1000 meters. Died 1 September 1945, 26th day. Neck organs. Radi-. 
a t ion effect, aplast ic  anemia, necrosis and hemorrhages of epiglot t is .  
(Photo F i le  # HS 305; A.M.M. Accession 158930-90.) 

261 



i *  

I 

7 

Fig. 130--( 8). Autopsy Key # 21. Iseoka. Age 45. Male. 1000 meters. 
Died 30 August 1945, 25th day. 
of epiglot t is ,  larynx, and trachea. 
tons i l .  Foci of necrosis i n  the right t ons i l  which is  somewhat smaller. 
(Photo Fi le  # HS 300; A.M.M. Accession 158930-85.) 

Neck organs. Necrosis of l ining membrane 
Necrosis and enlargement of l e f t  

262 
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Fig. 131--(8). Autopsy Key # 56. Kawamura. Age 51. Female. 1100 I 

meters. Died 11 Septelnber 1945, 36th day. 
f i l t r a t i o n  of small mononuclear and plasma ce l l s .  
nuclear leukocytes. Cartilage intact .  X 115. (Photo F i le  # HM 270; A.M.M. 
Accession 158930-116. ) 

Epiglott is .  Necrosis and in- 
Occasional pol@mrpho- 

/ \  
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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 b a r r i e r  between the  necrot ic  and non-hecrotic 
t i s sue .  X 130. (Photo F i l e  # HM 264, (IC); 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. Mpelium (probably o f -  
monilia). X 130. (Photo F i le  # HM 271, (K);  A.M.M. Accession 158930-116.) 
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F-g. 134 A-- (8 ) .  Autopsy Key # 47. Naka. Age 35. Female. 800 meters. 
Died 24 August 1945, 18th day. Low-power view of margin of ulcer.  
The labeled sections correspond t o  f i e l d s  enlarged i n  the subsequent photo- 
graphs. 

Skin. 
I 

X 30. (Photo F i l e  # EM 344; A.M.M. Accession # 158930-111.) 
I 
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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 
ep i the lhn .  Pigment remains i n  basal cel ls .  Congestion of blood vessels 
and hemorrhages. Bacteria In  necrotic material a t  surface of ulcer. No 
leukocytic in f i l t ra t ion .  X 115. (Photo Fi le  # HM 299, (K); A.M.M. Acces- 
s ion 158930-111. ) 
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Fig. 135--(8). Autopsy Key # 29. Murakami. Age 24 or 22. Male. 1000 
meters. Died 1 September 1943, 26th day. Skin. Ulcer. Bacterial mass- 
es In necrotic meterial. 
vasated erythrocytes a t  base. X 115. (Photo F i le  # HM 296; A.M.M. Acces- 
s ion 138930-93. ) 

Plasma ce l l s ,  large mononuclear ce l l s  and extra- 
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Fig. 136--(8).. Autopsy Key # 45. Akagi. Age 28. Male. 1000 meters. 
Died 8 September 1945, 33d day. 
aplast ic  anemia. a. Par t ia l ly  epilated scalp. b. Celluli t is  of so f t  
t issue of neck. 

Scalp and neck. Radiation effect ,  

.l (Photo Fi le  # HS 330; A.M.M. Accession 158930-109.) 
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Fig. 137--(8). Autopsy Key # 14. Yamamoto. Age 25. Male. 1000 meters. c <? 

- 3  

Died 22 September 1945, 47th day. Scalp. Regenerating ha i r  f o l l i c l e s .  
Occasional mitosis among matrix c e l l s .  
layers, and external  root sheath. Cuticles forming. To the lef't is 

keratinized h a i r  shaft is  separated from the external  root  sheath by a 
space. 
t o  i l l u s t r a t e  the typ ica l  s t ructure .  X 225. (Photo F i l e  # HM 210, (K) ;  
A.M.M. Accession 158930-33. ) 

Well defined Henle's and Huxley's 

Here a 

This is a regenerating h a i r  f r o m  a case i n  Group 1x1, but is  used 

another hair f o l l i c l e  met i n  sect ion nearer i t s  external opening. 

d 



yz 

-> " 

, 

i- 1 

* /  
.h Fig. 138--(8). Aut.opsy Key # 45. Akagi. Age 38. Male. 1000 meters. 1 

1 
Died 8 September 1945, 33a day. Scalp. Atrophy of hair follicle, thick- 
ening of glassy and basement; 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 # l3M 238,. (K); 
A.M.M. Accession 158930-109. ) 
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Fig. 139--(8). Autopsy Key # 31. Ueda. Age 45. Male. 1000 meters. 
Died 2 September 1945, 27th day. Scalp. Hair follicle. Atrophy of 
follicle, Failure of differentiation of matrix. Irregularity of distri- 
bution of pigment. X 120. (Photo File # HM 219; A.M.M. Accession 158930- 
95.1 
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Fig. 140--(8). Autopsy Key # 33. Ikeda. Age 36. Male. 1000 meters. 
Died 2 September, 27th day. Scalp. Hair f o l l i c l e .  Atrophy. Failure of 
di f fe ren t ia t ion  of matrix in to  in te rna l  root sheath. I r regular f ty  of 
dis t r ibu t ion  of pigment. Tremendous thickening of glassy membrane. Re- 
mains of external roo t  sheath have shrunken away from it. X 130. (Photo 
F i l e  # HM222; A.M.M. Accession 158513097.) 

. 
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Fig. 141--(8). Autopsy Key # 28. Kawaura. A g e  22. Male. 
Died 1 September 1945, 26th day. 
internal root sheath and keratinized ha i r  shaft. 
bution of pigment., Thickening of basement membrane. 
# EM 153, (IC); A.M.M. Accession 158930-92.) 

1000 meters. 

Irregularity i n  d i s t r i -  
Scalp. Failure of differentiation of 

X 90. (Photo Bile - 74 
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Y Fig. 142--(8). Autopsy Key # 30. Nagashima. Age: variously 23 or  28. 

I 1000 meters. Died 1 September 1945, 26th day. Scalp. Atrophy.of ha i r  
f o l l i c l e s .  Failure of d i f fe ren t ia t ion  of matrix substance in to  well- 
defined external roo t  sheath and in te rna l  root sheath. I r regular  d i s t r i -  
bution of pigment., Enormous thickening of basement membrane and of glassy 

Note tha t  e l a s t i c  f ibers  of derma s t a i n  well. 
215, (K); A.M.M. Accession 158930-94. ) 

i + 

membrane which is  proved not t o  be e l a s t i c  t i s sue  i n  Verhoeff’s s t a i n .  I 
- i 

1 
6’ 1 

X 110. (Photo F i l e  # HM * r  
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Fig. 143--(8). Autopsy Key # 24. Chiba. Age 29. Male. 1000 meters. 
Died 3lAugust 1945, 25th day. Scalp. Atrophy of ha i r  fo l l ic les .  Enor- 
mous thickening of basement membranes. 
X 20. 

Atrophy of sebaceous glands. 
(Photo F i le  # HM 294; A.M.M. Accession 158930-88.) 

1 

, 



Fig. 144--(8). Autopsy Key # 104. Yoshitomi. Age 14. Male. 1000 meters. 
Died 27 A u g u s t  1945, 21st day. 
Enormous thickening of  basement membranes of  ha i r  f o l l i c l e s .  Atrophy of  
epithelium of surface and of sebaceous glands. (Photo File # HM 302, (K); 
A.M.M. Accession 158930-151.) 

Scalp. Atrophy of all hair fo l l i c l e s .  

, 
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F i g .  145--(8). Autopsy Key # 22. Michihara. Age: 17 or  23. Male. 1000 
meters. Died 31 A u g u s t  1945, 25th day. Scalp. ' Atrophy. Failure of sep- 
aration of keratinized shaft. Irregular distribution of pigment. X 90. 
(photo Fi le  # HM 151; A.M.M. Accession 158930-86.) I 
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Fig. 146--(8). Autopsy Key # 45. Akagi. Age 28. Male; 1000 meters. 
Died 8 September 1945, 133d day. Scalp. Hair fo l l ic le .  Atrophy. Hair 
remains fused t o  external root sheath. Process analogous t o  parakera- 
t o s i s  a t  surface. Irregularity of distribution of pigment. X 130. 

< "  
-. (Photo Fi le  # EM 239, (K) ;  A.M.M. Accession 158930-109.) * 
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Fig. 147--(8). Autopsy Key # 31. Veda. Age 45. Male. 1000 meters. 
Died 2 September 1945, 27th day. Scalp. Hair f o l l i c l e .  Atrophy. C r e s t -  
ly thickened basement membrane. Fai lure  of, development of Henle's and 
Huxley's layers .  
root sheath. I r r egu la r i ty  of d i s t r ibu t ion  of pigment. Excess of kerat in  
from surface i n  the mout!i of the f o l l i c l e .  
A.M.M. Accession 158930-95. ) 

The hair appears t o  spring d i r ec t ly  f romthe  external  

X 120. (Photo F i l e  # HM 218; 
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Fig. 148--(8). Autopsy Key # 35. Takahashi. Age 31. Male. 1000 
meters. Died 3 September 1945, 28th day. Hair, remqved from head par t ly  
epilated person. Tapering of shaft  toward attached end; evidence of atro- 
phy of  matrix. Absence of remnants of internal root  sheath. X 50. (Photo 
F i le  # Bm 262; A.M.M. Accession 158930-99.) 
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I Fig. 149--(8). Autopsy Key # 50. Kijima. Age 31. Male. 

with sequestrated lung tissue. Abscess Gavity in lower lobe. Diffuse , 
necrotizing a d  organizing pneumonia. (Photo File # HS 333, (K); A.M.M. 

1000 meters. 
1 

I Died 15 November 1945, 100th day. Right lung. Gangrene of upper lobe 

k 
I Accession 158930-66. ) 
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I Fig. 150--(8). Autopsy Iley # 50. Kijima. , Age 31. Male. 1000 meters. 

Died 13 Noveniber 1945, 100th day. 
X 50. 

Lung. Fibrous wall of abscess cavity. 
(Photo File # HM 269; A.M.M. Accession 158930-66.) 



-Fig. 151--(8). Autopsy Key # 50. Kijima. Age 31. Male. 1000 meters. 
Pied 15 November 1945, 100th day. Lung. Organizing pneumonia. Some 
alveoli contain numerous large mononuclear fat-fi l led phagocytes. 
(Photo File # HM 265; A.M.M. Accession 158930-66. ) 

X 130. 
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Fig. 152--(8). Autopsy Key # 96. Sakoda. Age 33. Male. 1000 meters. 
Died 12 Noveniber 1945, 97th day. Lung. Organizing pneumonia. X 130. 
(Photo Fi le  # BM 278; A.M.M. Accession 158930-19.) 
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Fig. 153--(8). Autopsy gSy # 50. Kijima. Age 31. Male. 1000 meters. 
Died 15 November 1945, 100th b y .  S leen. Germinal center i n  malpighian 
corpuscle. X 200. (Photo F i le  # Sf K 67; A.M.M. Accession 158930-66.) 
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Fig. 154--(8). Autopsy Key # 82. 
Died 17 Septelriber 1945, 42nd day. 
resembling Reed-Sternberg cells. 
Accession 158930-138. ) 

O h .  Age 15. Female. 1200 meters. 
Lymph node. Enormous atypical cells. 
X 400. (Photo File  # EM 301; A.M.M. 
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Fig. 155--(8). Autopsy Key # 133. Nagai. Age 9. Male. 500 meters. 
Died 29 September, 54th day. R i b .  Costochondral junction. Hyperplasia 
of bone marrow. Type C .  Compare with figure 64 (8). X 13. (Photo Fi le  
# HM 337, (K); A.M.M. Accession 158930-23.) 
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Fig. 156--(8). Autopsy Key # 50. K i j i m a .  Age 31. Male. 1000 meters. 
Died 15 Noveniber 1945, 100th day. 
era t ing  t i s sue  within the gelatinous marrow. Type C .  The ver tebra l  
marrow i n  t h i s  pat ient  is much more ce l lu la r .  
142a, (K); A.M.M. Accession 158930-66. ) 

.Bone marrow of rib.  Focus of regen- 

(Photo F i l e  # EIM X 115. 



‘ .  Fig. 157--(8). Autopsy Key # 50. Kijima. Age 31. Male. 1000 meters. 1 Accession 158930-66. ) 

Died 15 November 1945, 100th day. 
plasm resembling a lymphocyte. 

Myelocytes and a c e l l  with clear  cyto- 
(Photo F i le  # EM 309, (K); A.M.M. X 800. 
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Fig .  158--(8). AutopsyeICey# 14. Yamamoto. Age 25. Male. 1000 meters. 
Died 22 September 1945, 47th day. Bone marrow. Extreme hgperplasia. 
m e  D.  
261, (IC); A.M.M. Accession 158930-33. ) 

Numerous  myelocytes and mtamyelocytes. X 130. (Photo F i l e  # HM 
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Fig. 159--(8). Autopsy Key # 118. Inaba. Age 56. Female. 700 meters. 
Died 5 October 1945, 60th day. See Figure 160 
for description. X 400. (Photo File # HM 315, (K); A.M.M. Accession 158930- 

Hyperplasia of reticulum. 
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Fig. 160-- (8). Autopsy Key #118. rnaba. Age 56. Female. 700 meters. 
Died 5 October 1945, 60th day. 
more prominent nucleoli than are seen in  the typical reticulum c e l l  and may 
be forms in t ransi t ion t o  myelocytes although the granules in the cytoplasm 
are  poorly preserved. 

Byperplasia of reticulum. Some ce l l s  have 
. 

Blast ce l l s  are  rare. X 750. (Photo F i le  # ITM 316, 
S 

-r (IC); 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 i n  upper 
portion of shaft. I 

I 
Gelatinous and f a t t y  yellow marrow in  d i s t a l  portion 

I of the bone. (Photo F i le  # Hs 334, (K); A.M.M. Accession 158930-66.) 
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Fig. 162--(8). Autopsy Keg # 50. K i j i m a .  Age 31. Male. 1000 meters. 
Died 15 November 1943, 100th day. Bone marrow. Rib. "Gelatinous marrow" 
showing atrophic f a t  cells, and granular i n t e r s t i t i a l  material  containing 
large quant i t ies  of f i b r in .  
(K); A.M.M. Accession 158930-66. ) 

Masson Stain.  X 400. (Photo F i l e  # HM 266, 
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Fig. 163--(8). Autopsy Key # 110. Watanabe. Age 56. Male. 1000 

deposited about megakaryocytes. 
Accession 158930-157.1 

meters. Died 2 September 1945, 27th day. Bone marrow, s ternal .  Fibrin I 

X 500. (Photo F i le  # HM 287, (K); A.M.M. t 
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Fig. 164--(8). Autopsy Key # 131. Takatini. Age 39. Female. 1500 

areolar t issue of the submucosa. 
A.M.M. Accession 158930-41. ) 

, meters. Died 21 September 1945, 46th day. Colon. Amebae in edematous 
X 350. (Photo F i l e  # HM 339, (K); 



Fig. 165- - ( 8) . Autopsy 
Died 22 September 1945, 
wall of cen t r a l  venule. 
X 115. (Photo F i l e  # HM 

rl 
/ 

Key # 14. YF1.mamoto. Age 25. Male. 1000 maters. 
47th day. Liver. Central necrosis; thickening of 

212; A.M.M. Accession 158930-33. ) 
Exudate of small and large mononuclear c e l l s .  
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Fig. 166--(8). Autopsy Key # 14. Yamamoto. Age 25. Male. 1000 meters. 
Died 22 September 1945, 47th day. Testis. Disappearance of germinal epi- 
thelium and its derivatives. 
tubules by deposition of finely fibrillar collagenous material within the 
old basement membrane. 
neath the endothelium of the blood vessels in the interstitium. 
(Photo File # EM 2U, (K); A.M.M. Acession 158930-33,) 

Thickening of basement msmbranes of the 

Deposits of refractile acidophilic material be- 
X 115. 
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Fig. 167--(8). Autopsy Key # 50. Kijima. Age 31. 1 Male. 1000 meters. 
Died' 15 November 1945, 100th day. 
genesis. 
a re  l ined  exclusively by S e r t o l i  c e l l s .  
hyperplastic,  
66. ) 

Test is .  Complete cessation of spermato- 
The tubules, whose basement membranes have not become thickened, 

The i n t e r s t i t i a l  t i s sue  is not 
X 115. (Photo F i l e  # HM 143, (K); A.M.M. Accession 158930- 

4. 

/ 

T 
I 

5 



\ 

J' 
r 

h 
"i' 

% 
a 

. .  . 

Fig. 168--(8). Autopsy Key # 50. K i j i m a .  Age 31. Male. 1000 meters. 
Died 15 November 1945, 100th day. Prostate .  Atrophy. Grossly t h i s  pros- 
t a t e  was approximately ha l f  the  usual s i ze .  X 95. (Photo F i l e  # HM 144; 
A.M.M. Accession 158930-66. ) 
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Fig. 169--(8). Autopsy Key # 50. K i j i m a .  Age 31. Male. 1000 meters. 
Died 15 November 1945, 100th day. Adrenal. Cort ical  c e l l s  a l l  have 
granular non-vacuolated cytoplasm. Atrophy of cortex. X 85. (Photo 
F i l e  # HM 300; A.M.M. Accession 158930-66.) 
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Fig. l7O--(8). Autopsy Key # 96. Sakoda. Age 33. Male. 1000 meters. 
Died 12 November 1945, 97th day. 
i n  thickness of cortex. 
F i le  # HM 2177; A.M.M. Accession 158930-19.) 

Adrenal. Focal atrophy with decrease 
Focal f a t ty  changes in  cortex. X 130. (Photo 

I 



I Fig. 171--(8). Autopsy Key # 50. K i J i m a .  Age  31. Male. 1000 meters. 
Died 15 November 1945, 100th day. 
X 200. (Photo F i l e  # HM 140, (K); A.M.M. Accession 158930-66.) 

P i t u i t a r y -  Large basophilic c e l l s .  

i 
4 

c 

a- 
/ \\ 

v 

n 

i r w  

. 

E 



c 
.?i- Fig. 172--(8). Autopsy Key #5O. Kijima. A g e  31. Male. 1000 meters. 

Died 15 November 1945, 100th day. Pi tui tary.  Large basophilic cel ls .  
X 600. (Photo Fi le  # BM 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, 54th day. Rib. Costochondral junction. No 
apparent effect  on the growing car t i lage  o r  ‘bone. 
# HM 341, (K); A.M.M. Accession 158930-23.) 

X 100. (Photo F i l e  
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Fig. 174--(8). Autopsy m y  # 65. Yokoda. Age 52. Female. 900 meters. 
Died 17 September, 42d day. 
masses and necrosis. Absence of polpnorphonuclear leukocytic b a r r i e r  be- 
tween the necrotic and non-necrotic material. 
272; A.M.M. Accession 158930-125. ) 

Tonsil. Lining of crypt showing bac te r i a l  

X 115. (Photo File # HM 
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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 f o l l i c l e  
i n  longitudinal section. Atrophy of matrix. Fai lure  of d i f fe ren t ia t ion  
of internal root sheath. I r regular  d i s t r ibu t ion  of pigment; thickening 
of glassy and connective tissue sheaths. Remnants of atrophic shaft f i l l  
the  d i l a t ed  mouth.of the  f o l l i c l e .  Parakeratotic plug around t h i s  shaf t .  
Atrophy of associated sebaceous gland. 

A.M.M. Accession 158930-33, ) 
X 50. (Photo F i l e  # HM 280, (K);  
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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. 
from external sheath. Atrophy of associated sebaceous gland, X 130. 
(Photo File # HM 260, (K); A.M.M. Accession 158930-36.) 

Shaft appears to develop by process of parakeratosis 
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Fig. 177--(8). Autopsy Key # 14. Yamamoto. Age 25. Male. 1000 meters. -1 
Died 22 September 1945, 47th day. Skin. Hair follicle. Failure of sepa- 
ration of keratinized shaft. Process analogous to parakeratosis. Regen- i i  

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. 
stage (Fig. 137). X 115. 

Compare with later 
(Photo File # HM 208, (K); A.M.M. Acces- 
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Fig. 178--(8). Normal cycle of loss and replacement of a h a i r ,  A t  a an 
external root and an in te rna l  root sheath a re  s t i l l  d i f fe ren t ia ted .  A t  
b the l a t t e r  is no longer v is ib le ,  and the formsr has become shrunken., 
T h e r e  is  thickening both of the glassy and external ce l lu l a r  basement 
membrane. A t  c, d, and e there a re  successive stages o f t h a t  process and 
the old halr i s  being extruded. 
d i f fe ren t ia ted  anew, and a t  g, the new h a i r  is pushing outward i n  the  old 
f o l l i c l e .  (From Pinkus F. Die Normale Anatomie der Haut. - In: Jadassohn, J. Handbuch der Haut und Geschlechtskrankheiten. 1/1, 
Berlin; Springer, 1927.) (Photo F i l e  # HM 307.) 

A t  f ,  the in t e rna l  root sheath is being 
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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 monocytic type. X 1100. (Photo F i le  # NM 163; A.M.M. Accession 
# 15893O-224. ) 

I 

f\ 

314 



-3 

c 

c 

4 

Fig. IA--(Appendix 1 (8) ) . 
of 14 November 1945, sharing 
nuclear ce l l s .  (Photo F i l e  # 

t 
c 

Copy of Japanese photograph of  blood smear 
phagocytosis of carbon by the’ atypical- mono- 
NM 158.) * 
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Fig. 2--(Appendix 1, Section 8). 
Age 19. Male. 1000 meters. Died 16 November 1945, 97th day. Bone 
marrow (probably from lang bone). 
septa among the f a t  cel ls .  

Autopsy Key # 224 (Naga2aki). Matsuo. 

Large mononuclear ce l l s  forming thick 
X 400. (Photo F i le  # NM 164; A.M.M. Accession 

# 158930-224. ) 
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Fig. 3--(Appendix 1, Section 8). 
Age '19. Male. 
muscle. 
Phosphotungstic acid - hlematoxylin stain. 
A.M.M. Accession # 158930-224. ) 

Autopsy Key # 224 (Nagasaki). Matsuo. 
1000 meters. Died 16 November 1945, 97th day. Striated 

Atypical large mononuclear cells infiltrating among the fibers. 
X 500. (Photo File # NM 161; 
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Fig. 4--(Appendix 1, Section 8). 
Age 19. Male. 1000 meters. Died 16 November 1945, 97th day. Liver. 
Pericentral  i n f i l t r a t ion  of large mononuclear elements. 
central  ends of hepatic c e l l  cords. 
Accession # 158930-224. ) 

Autopsy Key # 224 (Nagasaki). Matsuo. 

Atrophy of 
X 120. (Photo F i l e  # NM 162; A.M.M. 
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Fig. 1--(Appendix 2, Section 8). Autopsy Key # 44. Araki. J :Age 22. Male. 
1000 meters. Died 8 September 1945, (33 days). 
ca tarac t .  X 75. (Photo F i l e  # J3M 347; A.M.M. Accession 158930-108.) 

Lens: p o s t e k o r . c o r t i c a 1  

Fig. 2--(Appendix 2, Section 8). 
c o r t i c a l  cataract .  

Unidentified case. Lens: pos ter ior  
X 75. (Photo F i l e  # EM 348.) 
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Fig. +(Appendix 2, Section 8). Uhidentified case. has: an te r io r  and 
equator ia l  c o r t i c a l  cataract .  X 75. (Photo F i l e  # EM 349.) 
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Fig .  4--(Appendix 2, Section 8). Autopsy B y  # 28. Kawaura. Age 23. 
Male. 1000 meters. Died 1 September 1945 (26 :days). Bulbar conjunctiva. 
Hemorrhage (x) and mononuclear c e l l  inf i l t ra t ion.  
# HM 350; A.M.M. Accession 158930-42.) 

X 75. (Photo F i le  
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Fig. 5--(Appendix 2, Section 8). Unidentified case. Retina. Preretinal 
hemorrhage. X 200. (Photo F i le  # HM 351.) 
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I 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 f ibers ,  X 160. (Photo F i le  # HM 352, A.M.M. Accession 158930-42;) 

0 

I 

I 
I 321: 



i 

I f 

c, 

1 
I Fig. 7--(Appendix 2, Section 8). Autopsy Key # 39. Takeuchi. Age 29. 

cell infiltration. No leucocytes in artery. X 240. (Photo File # HM 353; 
A.M.M. Accession 158930-103. ) 

Male. 1000 meters. Died 4 September 1945 (29 days). Choroid. Mononuclear 
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Fig. 8--(Appendix 2, Section 8). Autopsy Key # 43. Horinouchi. Age 33. 
Male. (1000 mters.) Died 7 September 1945 (32 days). Choroid. Large mono- 
nuclear cells and a few lymphocytes in stroma. X 750. (Photo File # HM 354; 
A.M.M. Accession 158930-107. ) 



Fig. g--(Appendix 2, Section 8). Autopsy Key # 29. Murakami. Age 
variously stated as  22 or 21:. Male. 1000 meters. Died 1 September 1945 
(26 days). Choroid. Russell 3odies, plasma ce l l s  and large mononuclear 
ce l l s  i n  stroma. X 600. (Photo F i le  # HM 355; A.M.M. Accession 158930- 
93.) 

Fig. 10--(Appendix 2, Section 8). Autopsy Key # 31. Ueda. Age 45. 
Male. 1000 meters. Died 2 September 1945 (27 days ) . Choroid. Mononuclear 
cel ls  i n  large vein. X 435. (Ihoto F i le  # HI4 356; A.M.M. Accession 
158930-95.1 
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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. Bac i l l i  i n  
capillary of chariocapillaris. X 1600. (Photo F i le  # HM 357; A.M.M. 
Acceseion 158930-103. ) 
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