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The Inf luence  of I - r e d t a t l o n  on hhortallty 

Following Theme1 Flash Durnsr The Sit. of Tiasue In ju ry  

as a Faotor  Detsrmlning the Type of Invading Eactrrls 

J. Douglee Raid, James Pi. Brooks, WllZiam T. nam, end 
Everett Idrfs !3Q0n#.* 

h p a r t m e n t  o f  Bectar io logy  and t h e  S u r g i o a l  Remoroh Leborotor iea ,  
Department of S u r p r y ,  Median1 College of Vlrglnla, Riohmond. 

Tissue l n j u r y  due t o  etoraio bomb e rp loo lon  10 aaueed by 

b l e a t ,  thermal  r a d i a t i o n ,  or lonl&%ng r a d i a t i o n  or  by sme 

ooublnet ion of the throe. Ths importanas of eaoh faator in 

pfoduoing l n j u r y  o r  d e a t h  i s  dspendent upon t h a  dlctt%moe of 

t h o  bomb v ic t im  from t h e  po in t  of t h e  explorion, s i n c e  the 

a t t e n u a t i o n  of i o n l z l n g  and themal r a d i a t i o n  oocura a t  

differing r o t 6 8  wlth lnoreasin~ d i r t s n c e  from the Center of 

thn b l e s t .  

O u r  p a r t l a u l a r  oonaern i n  this aEudy hoa been the 

i n t e m d l a t n  sone, CIpprOximQtel~ 4200 t o  7000 feat frm t h e  

hypooenter of a 20 KT, nominal weapon. 

v i c t im  l e  exposed t o  thorn61 i n j u r y  and gonme i r r o d l a t l o n  whloh 

i n  oombinetlon ej.+paarad from the observot lona o f  Jepensse 

medloal s a i e n t l a t s  n t  tbe ffirorhlraa end Nag&sRki d l a e a t e r s  t o  

produce a m o r t e l l t x  higher than oould be oxplalned on the basla 

of either alone. 

Xn t h i r  eone t h e  

The purpbae o f  our e t u d l e s  l a  an a t tempt  t O  

Thlr s tud3  we8 oonduoted under Contrea t  Number DA 49-007-MD-99 
bstwenn the Oifloa of tha krgeon Qsnorsl, Department of t h e  
Amy, Washington, D. C., enb the Medical ColleSe of Virg in ia ,  
Aiohmond, Vlrglnie. 
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2. 

bet ter  underetrnd the maohPrnlerr undsrlglng t h l e  inorsssed 

mortality.  

In e group of animals etudlod previously (1) i n  nhloh a 

deep eeoond degree burn wan produoed by a themortatioellp 

oontrolled burning iron and nhloh involved 20 per ornf of the 

anlm&lr* skin surfncs area, there m a  a mortality of 12 per 

oent. men a s i 8 i l a r  b u m  was oonylioatet3 by lOOr ar total  

boI3 n-irredletion, the mortality rota we8 inoreneed to 

73 per oent.  Deaths i n  tho ombined Injury group were 

d e f i n i t e l y  ralated to 8 beta hemolytie streptooocous oeptlaemia. 

Feoeuss the thermal. contaot burnr produaed i n  tho earlier 

studies did not eimulete f lash burns produaed by an atomic 

b leat  and In order to  further otudy the eZf'eoCs of Ghia 

combined type of inJury, this prerent study warn carried out.  

We are oonfining our roport i n  thfr paper t o  thoio d f s ~ t n  

in whlah boaterla appear to  play an important role. 

WTHODS 

Anhel i t  A l l  animals U80d In the exgsrlmsnts woro healthy, 

young, adult, male end femeln mongrel dogs. Prlor to 

experiment. thoy were kept under observation and atudied for 

three weeks In order that  only healthy dogs In O g t i m u r a  aondltlon 

be used in the studies. %oh s n h r l  maa dewormed and given 

lnooulatlons for distemper. 

leelona of any nature were uaad. 

In our study 60 dogs were ura%. 

only those anlmela without skin 

Twenty of theae animal# 

r 8 O P l V e d  flaah burns only, EO reaafvad gtirrodhCfon only, 

and 30 reoeived both flesh burnr and ion i s lng  sadletion. 



Eoth burna and x-ray exposures were aarried o u t  w i t h  the 

animals under anaea thea ia .  

Procedure f o r  Eurninat I m e d l s t e l p  p r i o r  t o  burning, c o n t r o l  

blood a t u d i e a ,  i n c l u d i n g  blood volumes by the Tle2, (Evans 

b lue  dye) t echnique  (21, were done on eaoh dog. 

depr ived  of water and food f o r  12 hours prlor t o  the experiment 

i n  o r d e r  t h a t  they  might be i n  "basal '  a o n d l t l o n  and t o  avoid 

death due t o  a s p i r a t i o n  of vomitus while under anoeatheeia .  

The a n a e s t h e t l a  agent  used was rQdium p e n t o b a r b l t o l  (Nembutal) 

26 mg.  per kilogram of boey weieht  T . V .  Body aurfaoe a r e a s  

were determined by  ua ing  t h e  Cowglll-Drabkin formula (3). 

Eaah burn  placed on t h e  doSa had an  a rea  o f  Q0.7 sq. om. An 

a p p r o p r i a t e  number of suoh burns waa plaaed on eaoh animal 

s epa ra t ed  by an a r e a  of normal r k l n  t o  equal  20 per den t  of 

the animal ' s  t o t a l  ak in  s u r f a c e  area.  The burns were 

adminis te red  by m a n s  of a 24-inch U. S. Army a e a r o h l l e h t  

equipped v i t h  an e l l i p s o i d a l  m i r r o r  ( 4 ) .  Eeah burn was 

produced by a themel dose of 8.0 cal./cm.8 d e l l v e r a d  over  

a per iod  of one second a t  cons t an t  thermal  i n t e n s i t y .  The 

r e s u l t a n t  burn weti deep second degree. 

I r r a d l a t l o n  Procedure: The roentgen r a y  appara tus  used for 

whole body i r r a d i a t i o n s  was a 1000 WP resonant  t r ans foma= ,  

roentgen r a y  tube employing a tungs ten  t a r g e t  OC r igh t  ang le r  

t o  the e l e c t r o n  baam. Radiat ion f n o t o r s  were; 17r/mln. 8% 

measured i n  a i r  a t  200 am. P.S.D., h.v.1. i n  masonl te  12 am. 

s t  200 om. F.S.U. employing 1 nnn. of Al . ,  f i l t e r ,  whole body 

Animals were 
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4. 

i r r a d i a t i o n  f l e l d .  Uoees i n  a i r  and within masonite phantoms 

were measured w i t h  Vic toreen  B a k e l i t e  thimble chambers. Doga 

were exposed e t  200 om. P.S.D. t o  l O O r  a s  measured in a i r .  

Zach animal W ~ B  exposed f irst  on one side and then  on t h e  

o t h e r ,  t h e  usua l  "baking" technique. It required about 

6.5 minutes t o  complete each exposure. In  one-half of the 

anlmele t e a t e d  t h e  b u r n s  'mere g iven  fir8t; i n  the other h a l f  

t h e  i r r a d i a t i o n  was given  f i rs t .  No d i f f e r e n c e  wBS noted 

i n  elther group. 

White Blood Counts: ? t t r ipheral  white  blood clounte were dons 

on each dog prior t o  any burn or x - i r r a d i a t i o n .  !!'hg everage 

of such counts  i n  each group of 20 dogs was consldered t o  be 

the normal o r  c o n t r o l  count f o r  t h a t  group. Following f l a s h  

burn and/or i r r a d i a t i o n  white blood o b 1 1  counts ,  h e r e a f t e r  

r e f e r r e d  t o  a8 Vr.B.C., were done every o t h e r  dag u n t i l  t h e  

t e rmina t ion  of t h e  experiment, I n  t h e  animals r e c e i v i n g  

x - i r r a d i a t i o n  only,  s i m i l a r  Pitudies were c a r r i e d  out exoept 

f o r  t h e  ommission of W.E.C. studiee dur ing  the f l r e t  e i g h t  

hours fo l lowing  i r r a d l a t f o n .  VJhlte blood count a tud iee  were 

done every day t h o t  blood and/or wound c u l t u r e a  were taken. 

Blood and Wound Cul tures :  In  t h e  p repa ra t ion  of media f o r  

c ~ l t u r e  of the blood, bRCto-iXyptOao, doXtrOSe agar, and b r o t h  

media were used. The c u l t u r e  r l e a k e  were prepared e s s e n t i a l l y  

accordin6 t o  t h e  methods descr ibed  by Castaneda ( S ) ,  t h e  only 

modi f iont ion  be ing  t h e  a d d i t i o n  of O i l  p e r  cen t  yeaat e x t r a c t  
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to thn medium. 

The enimele wm3 p r e p r o d  for bleedlne, by shnvlng the 

area of t ho  femoral  vo ln  wkloh was then aorubbed with 0 

gernlOldP1 eoap. T h i s  area we8 washed o f f  with 70 per oent 

a loohol ,  followed by t i n o t u r e  of i o d i n e  and s g a i n  by 70 per 

o r n t  alaohol. The o p e r a t l n g  t a b l e  w e  neshed with soap end 

rater a f t e r  each o p e r a t i v e  procedure. 

ell peroonnel. 

Ueakr wore worn by 

Blood epeolmene taken fr/w the doge in S ml. amount8 
I 

were lnooula ted  d i r o o t l y  into! tho b o t t l e 8  of o u l t u r s  modla. 

All o u l t u r e s  ware inoubnted oerobloally at 5 7 O  C and 

examined each day f o r  evidence o f  growth. 

appoared i n  the o i d t o r o  f l a a k  at the end or  five Oaya ln- 

cubat ion,  t h e  o u l t u r s  waa ciiscorded as neget lve.  I n  pre- 

v ious  experlments (1) d u p l i c a t e  o u l t u r e e  wero run  on each 

blood 8peolnen. one of which was 1nouk:atsd under aerobfo 

c o n d i t i o n s  and the other tinder anaerobic  condi t ione.  When 

it was Ioiind t h a t  tho s e p t l c e n l e  ooourlng I n  t h e  anlnuala 

was i n  ell c o e e ~  due t o  eeroblc bootsria,  the anaoroblo 

o c l t u r e s  were discont inued.  

If no growth 

Cul turea  of the mounde wore taken wi th  s t a r l l s  oot ton  

awabe which warn s t reaked  d i r e o t l y  onto blood agar g l a t s a .  

The plates  were examined t i f t .0~ 24 and 4 8  hour8 lnoubat lon a t  

37' C. Reprnaente t lve  colonlee were picked froin t h e  Ql8tea 

t o  blood agar p l a t e s  f o r  f u r t h e r  l d e n t i f t o a t l o n  proccidurea. 
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B a o t e r f s  i so la ted  fro:,; the blood end burn wounds of th6 

dogs were i d e n t l f l e d  by t h e  followlng procedureer 

grouping of the  a t rnp tocooc i  '15s made i n t o  a lpha  hemolytic,  

b a t e  hemolytic,  and tJamma types  by t h e i r  r s e a t i o n  on blood 

agar p l a t e a .  The be ta  hemolytic e t r n p t o c o c a i  warn f u r t h e r  

subdivided s e r o l o g i c a l l y  on the baa ia  of the i r  group oarbohydrr te  

C bubbtance aacordlng t o  t h e  method cleaoribed by Lanonfleld. 

Alphe h m o l y t l a  and ~arnan types  were not f u r t h e r  i d e n t l f l e d  

PI t o  r p e c i n r  e t  t h i s  tlme b u t  all1 be discussed  i n  m o m  

d e t a l l  I n  a l a t e r  report. A l l  .oicrooocal (S taphylococc i )  

iaolated were i d e n t i f i e d  a8 e i t h e r  Yiorooocaue Pyommes var. 

aureua or Giaroooacur pyoRenes var .  on the besls of 

pigment formation. 

Frdlmlnarg 

IIZSULTS 

Group 1 - Dogs w i t h  20 per c e n t  f l e r h  burnr  a lone  

The average b.8.C. oount in t h i s  group of does p r i o r  t o  

any thermal  trauma woe L2,2OO/cu. m. 

hours follorln;! product ion of a deep second degree burn by 

t h e  "flesh tochnique" and l nvo lv in6  20 per c e n t  of the t o t a l  

ekln eurfcaoe 0re0, there was 8 s t eady  rise in t h e  w.B.C./ou. 

m. oount from the c o n t r o l  Value of 12,eOO t o  e peak of 

24,100 a t  e i g h t  hours. 

r i se  t o  t h o  peak of 29,000 Ti.B.O./ou. m. a t  10 days was 

reached which corresponde closely w i t h  the peak inoidence 

of p o s i t i v e  blood o u l t u r e s  in t h l s  group (nee Fig. 1). 

Thle t.:raduallg deol ined  t o  a normal control h o e 1  of 12,400 

During t h e  first elght 

During the nex t  two weeks a gradual  

(Insert Fig. 1) 
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a t  21 dax8 postburn.  The t r e n d  of  t h l s  hlood aoL,nt 18 

l n d l c o t e d  in Plg. 2. ( I n s e r t  Fie. 2 )  

Eaginnlng w i t h  t h 4  t h i r d  day pO8tbUrn blood and wound 

c u l t u r e a  were taken. Of th6 239 blood culturm8, 24 per cen t  

ahorad t h e  presence of b a c t e r f a  p i t h  gamma r t r e p t o c o a o l  and 

Mioroaoocus pyoronos var.  albus being t h e  predominant isolates. 

The h i g h e s t  percsntage of  p o s i t i v e  blood o u l t u r e s  occurred 

between t h e  seventh  and t e n t h  days. Usually only one type of 

orgenism m a  i s o l a t e d  from eeoh blood specimen olthough 

exceptions occurred 6 8  be noted i n  Fig. 3. In only one 

in8 tance  wae a beta hemolytla s t rep tooocous  i s o l a t e d  from t ho  

hlood and t h i a  from an a n f n s l  t h a t  subsequent ly  died. One 

a d d f t l o n a l  dog ln t h i s  group d i e d  g i v i n g  a f u t e l f t y  ra te  of 

10 per  cen t .  ( I n s e r t  Fig. 3) 

Sinoe  eer l ler  studies with doga exposed to thermal burna 

lnd fce t ed  thmt microorgen~sms invading tha  blood were with 

r a re  oxoept lons s t r s p t o c o a o l  or miorococol nnd afnce  we vlehed 

t o  o b t a i n  d a t a  on the aourad of these bao te r ln ,  the etudy of 

the round f l o r a  was l l x i t o d  t o  the mlcroaoecl an8 s t r e p t o a o c o i .  

Other  types  o f  b a c t e r i a  including tho  nonsporsformlng roda 

mere not unaomofilp found i n  m a l l  numbers; but e lnoa  they 

r a r e l y  spptaared i n  our blood c u l t u r e s ,  we d i d  not  aoncern 

ouraelvee with them in t h i e  s t u d y .  

mtreptoaoccl  .era isolstec? from a l l  186 wound aulturea taken. 

Miorococoua p ~ o ~ e n e s  var. elbus with oacas lona l  trliorococcua 

pyoRenea VBF. twreue we8 the predominant mlcroooccue l so ln tod .  

Microcoaal and/or 
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8.  

Nearly every burn showed the presenoe of a lphe hemolytic or 

Eama  s t r s p t o o o c c i ,  and of p a r t i c u l a r  l n t e r e e t  waa t h e  hfgh 

lnoldence (Fig. 41 ,  23.0 per c e n t  of all burn ou l tu re s .  shoa- - 
(Insert Fi . 4) 

l ng  b e t a  heinolytlo s t rop tococc l .  %his i s  not  ru rp r l e lng ,  

however, 1n.view of our f i n d i n g s  wlth regard t o  the lncidenoe 

of b a t e  hemolytic a t r e p t o c o c c i  I n  normal dogs. A survey of 

25 normai hea l thy  dogs i n  whloh the nore,  t h r o a t ,  akin,  rectum, 

ana g e n l t n l l a  of each a n i a a l  was ou l tu red  demonatrsted t h a t  

36 per c e n t  of tha  does cnr r l ed  t h l a  organism i n  one or more 

of the  nreas oul tured .  The preclomlnant type  8s detemnined 

by Lnnoef l e ld ' s  method was t h e  l a r g e  oolony 0.  Deapite 

thaes f l n d i n g s  i t  l a  of l n t e r e e t  t o  note t h a t  t h l e  organlam 

was l a o l a t e d  only once from t h e  blood cu l tu ree .  

Qroup !2 - DOES wl th  20 per c e n t  f lesh burns  and l O O r  x - l r r a d l e t l o n  

The average A.E.C.  count in the o o n t r o l  dogs p r i o r  t o  

any thermal  or i o n i z i n g  trauma  we^ 12,700 W.B.C./ou. m. 

s t u d i e s  on t h i s  group of experimental nnlmala were c a r r i e d  o u t  

a t  the anme t i m e  i n t e r v a l 8  a s  those  i n  the group wlth burna 

only. E a e e n t i e l l y  tho  a0m0 p a t t e r n  of W.B.C. inoreaee  

occurred  during tho first e l y t i t  hours 0 8  in the l e t t e r  

mentioned group. In  eubsequent days the W.B.C. counts  i n  e l l  

caeea remained below t h e  o o n t r o l  l e v e l  through t h o  twenty- 

first day 88 l n d l c s t a d  In Fig. 2, 

"ha 

Two hundred ann twenty-one speolnens of blood were 

c u l t u r e d  of rhlch 47 or 21 per c e n t  were p o s i t i v e  for b a c t e r i a  

. .  
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9.  

(Fig. 4) .  As noted in Fig. 3, the predominating organlame 

present in the blood were wpspnur var. d h u ,  

beta hemolytic streptococci, gamaa streptococci, and 

var. awzua in that order. $xbept in 

rare instances only one type of mioroorganism waa isolated 

from a aingle specimen of blood. None of the oulturaa 

contained Eram negative baatrria. 

of beta hemolytic streptoooccus positive oulturee either alone 

or associated with other mioroorganisms is particularly 

interesting. As noted in Fig .  4, they were isolated 15 times 

with 6 or 30 per cent of the animals being involved. 

Subsequently five animals died in this group, B fatality 

rate of 25 per cent. In four  instance8 death wa8 associated 

with a beta hemolytic atreptocoocue baotaremia. One animal 

had a oombined infection wlth Clostridium perfrinasnr, 

Micrococcus pyonenea var. m, and gamma streptoooaci. 

The 32 per cent inaidenca 

The predominant microoxganisms found in the 159 wound 

cultures taken were var. 4, gama 

streptococci, beta hemolytic strcptooooci, and 

moae n e t  var. . Beta hemolytic atreptococci aerooiated 

with one or more of the above mentioned species were present 

in 53 per cent of the wound cultures. The aimllarity of  the 

beaterial flora in the blood and i n  the wound8 indicates to 

ua  that the latter t iesue  is the most likely aource of the 

baoteremia. This l a  further borne out by the preaipitln 

studies on reprasentetive strains of beta hemolytic strepto- 



10. 

coooi whlch indicated the similarity of the strains isolated 

from the blood and from the burn surface. Only 0 end L types 

were isolated from the blood of infected animals. 

0 and L typoa were predominant in burns although C and D 

preoipitin types were isolated occasionally, 

Slmilarly 

Oroup S - D o ~ s  with lOOr x-irradiation onlp 

One hundred and forty blood speolmena were taken from 

s i x  male and four female dogs over s period of three weeks 

0s controla on our methods of bleeding and to determine the 

inoldenoe of bacteremia in animals expomd to lOOr x-irradiation 

only, As noted in Fig. 4, only two of the culturea were 

positive. In both instances the microoreanism isolated was 

Yioroaocous pyogenes var, nlbua. - 
DISCUSSION 

A high inoidence of positive blood cultures oocurs both 

in dogs subjeated to a second degree fleah burn alone and 

i~ those exposed both tG burn and sublethal x-irradlation. 

In control animals exposed t o  a similar dserea of x-irradiation 

alone positive blood culturea are of rare ooaurrenoe. The 

predominant bacterial type8 leolated were streptococci and 

microcooci; gram negative hscteria were of extremely rare 

oaaurrencc. T h i s  is in oontraat to r a B u l t 8  reported by 

numerous other workers in whioh mioroorganlsma of the family 

Enterobacterlaceee were the predominant isolated from animala 
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11. 

exposed to rnidlnthol or lathal x-irradiation. We attribute 

this absence of gram negatlve nonsporeformlng rode in the 

blood of our animals to the use of an 6moL;nt of x-irradiation 

insuffioient to demage the intestinel muoosa to the point 

where bacterial invasion from this site could ocour. Since 

the degree of x-irradiation used by ua did not in Itself 

predispose to bacteremia, it le apparent that the tissue 

demage due to burn wee responsible for the high inoidence of 

bacteremia in the two groups of dogs. Furthermore, the 

similarity of the bacterial flora in the burn wounds to the 

bacteria isolated f r o 3  the blood supports this observation. 

No apparent rslot1onsW.g exists between the leucoopte 

count and the incidence of poeitive blood cultures, Pollow- 

lng burn d o n e  there is a marked leuooaytosia reaohing its 

peak on the tenth day which also oorresponds oloaely with 

the peak inoidenoe of positive blood cultures in this group, 

The bacteremia in this group 1s a transient phenomenon 

involving bactsrla from the wound site of relatively low 

virulence. Despite the faot that beta hemolytic streptococoi 

ware preeent in 25 per cent of the burns in this group, 

they rarely occurred in the blood stream. Either they were 

locelfeed st the original site of injury or quickly disposed 

of onoe they had Giained entrance to the blood. In oontmst, 

f o l l o w i n g  x-lrradlation of the burned animals and subsequent 

to an initlal peak incidence in leucooytes at eight h a w e  
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12. 

postburn. there is a leucopenia which aoincidea with the 

greatest incidence of positive blood cultures. The incidence 

of poaitive blood cultures in this group is similar to that 

of the group in which burns alone were inflicted. In contrast, 

however, 32 per cent of the positive blood cultures shored the 

presence of bnta hemolytic streptocooci. Since typing studiea 

demonstrated that these bacteria were aimiler to the beta 

hemolytia streptoaocci found in the burn woundr of our animalla, 

it is apparent that damage to the lmmune mechanism by sublethal 

x-irradiation influencea the type of microor&anism that gains 

entranoe to the blood stream allowing more virulent bacteria 

to entnr from the wound site and produce a fatal septicemia. 

SUWPRARY 

Rxperimental studies on dogs indicate that thermal flash 

burn and x-irradlation of such e degree that eaah in itself 

is relatively nonlethal does, in combination, produce an 

inoreased mortality in experimental animals. 

A bacteremia due to streptococci end micrococci of 

relatively low virulence entering through the burn wound acours 

in both the burned and burned plus X-irradiated animals. The 

l O O r  x-irradiation elone does not predispose the animals to 

a bacteremia. This bacteremia eppears to be a transient 

. phnnomenon in the burned animale alone. Rowever, In the 

burned end X-irradiated animels the dapreaaion o f  the body's 

defense mechanism by x-irradiation as evidenced in part by 

the leuoopenia which occurs enables more. virulent organisms 
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to enter f r o m  the wound site and produce a f a t a l  8eptlcemla. 

The site of the t i s sue  inJury and the 10081 f lora  therein 

eppear to determine the typo of invading bacteria.  

The authors wish t o  express their appreoiation t o  
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Figure 3 

Inoidenoe of Oaourrenca of Varioua Tppee of Baatsrio 

in Poaltive Blood Cultures from Dog0 Exponod to Flanh B u m n  
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Figure 4 

The Comparatlvo I n c i d e n c e  of Positive Cultures ana of Beta Hemolytio 

Streptoooool in the B l o o d  and Wounds of Dog6 Expored 

t o  F l a r h  Burns and t o  Flarh Bums and hFitd&atiOn 
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