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MEDICAL COLLEIGE OF VLRGINIA 

RICHMOND 19. VIRGINIA 

August 5,  1953 

Colonel John R. Wood, Chai rman 
Medical Resea rch  and Development Board 
Department of the A r m y  
Office of the Surgeon General  
Main Navy Building, Room 2532 
Eighteenth S t r ee t  and Constitution Avanue, N. W. 
Washington 25, D.C. 

Dear  Colonel Wood: 

Attached you wi l l  find copies of the pre l iminary  r e p o r t  that 

He wants to give this before 
Dr .  Reid wants to give on our  bacteriologic study i n  the combined 
f lash bu rn  and radiation injury mat te r .  
the Amer ican  Society of Bacteriologists a t  their  coming meeting. 
May I have the approval of your office f o r  this? 

Yours s incerelv,  

bjm 
Enclosures  

Washington National Record Center 
OfTice of the Army Surgeon General 
Record Group 112 
Accession #: &st'?- 31 74 
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Evere t t  Idr i s  Evans,  M.D. 



The in f luence  of  x-radiation on n o r t n l i t y  

following thermal flash bums:  the  e i t e  of tissue ZnJury 

as B factor detornlniw, t h e  type of invading Oaater la  

J. b u g l a 8  Reid, James Vr. Brooke, H’llliam T. Earn, pnd 
Evere t t  Idris Evans. 

Daportaent of f33cterio~og’y and the Surgicel Reaearah Laborstolr$es, 
Department of Surgery, Kedicnl College of Vfrglnla ,  R l c b o n d .  

Tlseue i n j u r y  due t o  atomic bomb explosion l a  cause8 by 

b l a a t ,  thermal burn, o r  l r r a d i a t l o n  or bg some aombfntition of 

the th ree .  The importance of e&oh f a o t o r  in praCuoinE injury 

or denth i s  depsndant upon the d le t anae  of the  bomb v l c t h  from 

the poin t  o f  the exploslon, cllnoe t h e  a t t e n u a t l o n  of radiant 

and thermal energr occurs  a t  differing r a t e o  with lnoreaa ing  

d i s t a n c e  from the o e n t e r  of t h r l b l a s t  a8 i n d i c a t e d  i n  Hg,. 1. 

Of partlouler l n t e r o s t  t o  us has been the  i n t e r n o d i e t s  

zone approxlmetely 4200 to 7000 f e e t  from ths hypoaenter. 

I n  t h i e  zone t h e  vlot lm is exposed t o  thomal injury anu lr- 
radiation which in c m b i n a t l o n  appeared f r o n  t h a  obeervatloru 

of Japanese median1 s c l e n t l a t s  a t  the Hiroshima and liagasakl 

disasters t o  produce e mortali t ;  h igher  than could be explotnod 

on the bnsis  of e i t h e r  alone. 

an a t tempt  t o  b e t t e r  understand the meohanism underlying th i8  

ino r ra sed  mortal1 tp. 

The purpose of our e t u d i e s  is 

Karliep studies in whloh 2076 thermal oonteat  burns were 

prOdUOed on two groupa of anlmale, one group of ohlah  was 

expoeed t o  l O O r  whole body x-radiation showed t h a t  a 735 



2. 

m o r t a l i t y  rete ooourred 1x1 the irradiated group ea compared 

w i t h  a n o r t s l l t y  of 125 i n  t h o  non- i r rad ia ted  dogs. 

the former group wu0 def in l tn lq  r e l a t e d  t o  d beta  stroptoooocue 

8 e p ti o em1 a. 

Death i n  

Beoause the  thermal contac t  Surne praduoed i n  the ea r l i e r  

s t u d i e s  d i d  not e i m u h t e  exact ly  those which a r e  poducad  by 

an atomlc b l e a t  rind i n  order t o  further s tudy the  e f f e c t s  of 

t h l e  combined type of In ju ry ,  t h i e  preaent  study w e 8  c a r r i e d  

out. he are conf in ing  o w  report i n  t h l e  paper t o  those  e f f a o t s  

i n  which b a c t e r i a  appear t o  play an  important ro le .  

Thermal burns coverlw 20% of the body surface were produced 

on 4 0  dogs, half of whioh *ern l m e d l a t a l y  t h e r e a f t e r  expoeed 

t o  l O O r  whole body i r r a d l a t i o n .  Eoth burns and i r r a d i a t i o n  

were c a r r i e d  out  wlth the  animals under anaesthesia .  

Thn D i i m n  war# administerad b y  a s p e o l a l  apparatus  

u t l l l c i n g  a 24 i n c h  F. 3. Amy a e a r c h l l g h t  with an e l l t p e o l d o l  

mirror. Each burn h a d  an area of 20.7 sq. om. and 8n appro- 

p r i a t e  number of such burns ware placed on eaoh dog t o  equal  

20% of the animal 's  t o t a l  arkln s u r f a c e  a r e a  aa de temlned  by 

the Coreil l-Drabkln formula. The time for eaeh burn waa one 

sscond, u t l l l z i n g  8.0 cal./on2/second of thermal energy. 

r e s u l t e d  in Q deep second daproe burn. 

t l o n  was d e l i v w o d  b: means of a 1000 KVP reeonant  t ranafonnsr ,  

roentaen ray tube amployl.lf: a t u w a t e n  t a r @  a t  r i g h t  anplea 

to the e l e c t r o n  bean. Half of the t o t a l  dose was de l ive red  

t o  each s l d e  of the dog. 

T h i s  

l O O r  whole body irradla- 
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Subsequently wound find blood c u l t u r e s  were taken d a i l y  

for t h a  f i r s t  1 2  dags and every o t h e r  day t h e r e a f t e r  u n t i l  

t he  2 l s t  day, a t  which t ize  the  experiments were terminated. 

As i n d i c a t e d  i n  Table 1, 239 blood c u l t u r e s  were taken on the 

20 dogs t h a t  received f l a s h  burns only, and of  this  number 

23.8% were p o s i t i v e  wi th  micrococci and e t rep tococc i  of t he  

alpha hemolytic u i i d  ,-,am.e t zpes  predominating. O f  t he  221 

cKl tures  taken from the burned and i r r a d i a t e d  dogs, 21.26% 

were p o s i t i v e  wi th  a s i m i l a r  f l o r a  except  f o r  t h e  r e l a t i v e l y  

hlgh inoidence of be t a  hemolytic s t rep tococc i .  I n  both groups 

t h e  g r e a t e a t  numhar o f  p o s i t i v e  c u l t u r e s  were obtained between 

the 6 t h  and 10th  days. (Fig. 2 )  I n  c o n t r a s t  t o  nurnerous o t h e r  

r e p o r t s  i n  which animals have bean exposed t o  mid-lethal  or 

l e t h a l  x - r ad ia t ion  alone, [{ram negat ive  b a c t e r i a  of the  Entero- 

bac te r i aceae  were of e x t r e m l y  r a r e  occurrenoe. The same 

organisms predominant i n  the blood were alao presen t  i n  t h e  

wounds. A s  c o n t r o l s  10 docs exposed t o  l O O r  whole body ir- 

r a d i a t i o n  b u t  not  burned were oul tured  over a s i m i l a r  period 

of time. O f  t h e  140 blood c u l t u r e a  taken from t hese  animals, 

on ly  2 or 1.42% were pos i t i ve .  

i s o l a t e d  warn a icrococc l .  Since t h i s  degree of i r r a d i a t i o n  

d i d  not predispose t o  a bacteremia, i t  is apparent  t h a t  the 

t i s e u o  dama~n due to burn alone was respons ib le  f o r  t h e  high 

incidence of  bacteremia in the two groups of dogs. The 

s i m i l a r  f l o r a  i n  the  blood and wounds i n d i o a t e s  f u r t h e r  t h a t  

t h i s  was the  source of  the b a c t e r i a  inOading t h e  blood etrsam. 

I n  both ine tances  the  organisms 
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Folloring i r r a d i a t i o n  of the burned animals end subsequent 

t o  en i n l t i a l  peak i n c r e a s e  i n  lsuoooytes a t  8 hours poetburn, 

there is n lsuoopenia which ooinoldos with t b  Ereti teat  in- 

oldenoe o f  p o s i t i v e  blood c u l t u r e s  8s i nd loo t sd  in Fig. 9. 

The whits  blood counts on n eroup of 20 animolr l r r a d r a t a d  only  

were s i m i l a r  t o  thoee obta ined 'on  t h e  burned and i r r a d l a t e d  

anlmals except f o r  t h e  absenoe,of t h e  i n i t i a l  s t r i k i n g  rise 

I n  t h e  f i r s t  8 hours due t o  the, burn t h a t  oo6urred in the 

l a t te r  group. I n  the burned does only, t h e r e  is n marked 

leuoooyto&a reaching l t e  peak od the 10th day, vhlch a l e 0  

corresponds c l o s e l y  with t h e  peak ine ldance  of p o e l t i v e  blood 

1 

o u l t u r a e  i n  t h i s  group. Ud apparent  r s l a t l o n s h l p  exiets betveea  

the leuoooyte count and t h e  inoidenca of b a o t e r d a  in e i t h e r  

group. Bowever, we have found that while only &* or  0.041% 

of the blood c i ~ l t ~ i ~ a s  from t h e  horned animals were positive 

for b e t a  hemolgtla etroptoooooi,  14 or 0.3% o f  those from the 

burned and i r r o d i n t e d  d o p  were p o a i t i v e  for t h i e  organlam. 

On t h e  b a r i e  of number of animals with B be ta  hemolytic s t rep-  

toaooous sapticemla,  5% of t h e  burned and 30$ of t h e  burned 

and i r r a d i a t e d  animals wera 80 infooted. %ping by t h e  

IAnoefield method ind ica t ed  that  t h e s e  tatreptoooooi were prs- 

d m J l M n t l y  of t h e  G, L, and C types,  eini lar types a l s o  being 

found i n  t h e  r e l a t l v a l y  heavi ly  i d e a t e d  round cu l tures .  The 

presence of this organlam i n  t h e  blood of t h e  irradiated dogs 

wa8 d e f l n l t e l y  r e l a t e d  t o  the death  of the animaluI The 
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m o r t a l i t y  rate i n  this group was 23.85. 

the burned group, a x o r t a l l t y  of 10%. 

herno1)tlo s t rep tococcus  aasoc la t sd  with death,  

m o r t a l i t y  r a t e  due t o  conklined thermal flash burn and l O O r  

i r r a d i a t i o n  i s  considareblq l e s a  than  t h a t  following t h e r m 1  

c o n t a c t  burn end l O O r  i r r a d i s t i o n ,  the, aequenca of events is 

o t h e m l s e  s i m i l a r .  

Two animals died i n  

I n  n e i t h e r  c a r e  waa a 

Although the 

T h i s  depoA or i r r a d i a t i o n ,  ulthaugh i n a u r f i c i s n t  t o  

l n j u r e  the  i n t e s t i n a l  mucom and allow entrance of tho  col i form 

b a c t e r i a  P B  nppeers t o  occur w i t h  tcid-lethal o r  l e tha l  x-radle- 

t lon ,  was s u f f l o i e n t  t o  dopross the body's r e a c t i o n  t o  tissue 

i n j u r x  t o  the  po in t  where a i t h e r  the local defense mechanism 

are unable t o  prevent  ths entrance i n t o  the blood of v i r u l e n t  

organlana or are unabla t o  ckatroy these  organisms once they 

g a i n  en t rance ,  

Sunmary 

Experimental stLd1ea on doga l n d l c a t e  t h a t  $hemal f l a r h  

b u r n  and i r r a d i a t l o n  of such B degree t h a t  each i n  i t s e l f  l a  

r e l a t i v e 1 3  non-lathal  does, i n  combination, produco an  in -  

oreaeed m o r t a l i t y  i n  experimental  a n i z a l a ,  

A bactnrnmia duo t r ?  n lc rococc i  and e t rep tocooci  o f  

relatively low v i ru l ence  m t n r l n g  through the  burn wound occurm 

i n  bo th  the  Surneil and '>*~rn& and i r r a d i a t e d  animals. The lOOr 

x-rad in t ion  alone does n o t  pret'ispose t he  animalm t o  8 bacteremia. 

Thio baatnrei?ia apimara t o  be a t rona ien t  phenomnnon i n  t h e  

burns4 anlmala alone. I!owpver, I n  the'hurned and i r r a d i a t e d  
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animala the depreaaion of the body's defenoe meahanlorn by ir- 

r a d i a t i o n  a s  evidenced In par t  by the leucopenia whlah oaaura 

enables more v i r u l e n t  bacter:a organisms t o  e n t e r  from tho 

wound a l t o  and produae n fatal septicenfa. 

The slte of the t i e s u s  injury and thB local  flora therein 

appear6 t o  determine the typo of invedlng bac te r i a .  

The authora wish tc oxpreae their  apprec ia t ion  t o  #r. K a x  

Rittenbiiry, M r .  Fred i’ferce, IJr.-Rag Wllllam and Mr. Fred Sahmidt, 

JF. for t h e i r  technicnl aeslstance. 
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