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The Influsnce of Xeradlatlion on XNortallty

Following Thermal Flash Durns: The 3ite of Tissue Injury
gs a Factor Detarmining the Type of Invading Bacteria

J. Douglins Reid, Jemes %, Brooks, Willism T, Ham, and
Everstt Idris Zvens.*

Department of Bactariology and the Surgioal Reassarch lLaboratories,
Department of Surgery, Hedical College of Virginia, Riohmond,

Tissue injury due to atomic bomb explosicn 1s ceused by
blast, thermal radiation, or lonizing radistion or by some
conhination of the three, The importance of each factor in
producing injury or death la dependent upon the dlstance of
the bomb victim from the point of the explosion, since the
attenuation of lonizing and thermal redlation occurs st
differing rotes with incressing distence from the center of
the blast.

Our particular concern in this study has besn the
intermediate zone, approximately 4200 to 7000 feot from the
hypooenter of & 20 KT, nominal weapon. In this zone the
victim is exposed to thermal injury and genma irrsdlation whiech
in combination a;pearad from the observetions of Japsnase
medilcel molentists at the Hiroshima send Nagasakl dlsssters to
produce @ mortality higher than could be explained on the basis
of either slone. The purpose of our studies 1s an attempt to
This study was conducted under Contract Number DA 49-007-KD-99

betwsen the Offlcs of the Surgeon Gensral, Depaprtment of the
Army, VWashington, D. C., and the Medicel College of Virginia,

Richmond, Virginia.
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2.

better undaeratand the mechanlsm underlying this increased
mortality.

In & group of animals studied previously (1) in whioh o
dee; seoond degree burn was produced by & thermoataticelly
controlled burning iron and whioh involved 20 per cent of the
animels'® skin surface sreé, thera was a mortality of 12 per
cent, %hen a aimller burn wes complicated by 100r of totsl
body X-irredistion, the mortality rate was increassd to
75 per cent, Desths in the combinad injury group were
definitely related to s bota hemolytic streptococous septicemia.

Pecauss the thermal contact burna produced in the earller
studles did not simulste flash burns produced by en atomic
blest and in order to further study the effects of this
combined type of injury, this present study was carrled out.
We are confining our report in thias peper to those effects
in which bacteris appear to play an important role.

MATHODS
Animale: All animals used in the esxperiments were heslthy,
young, edult, male end femsle nmongrel dogs. Prior to
experiments they were kept under odbaervation and atudlied rfor
three weeks in order that only heilthy doga in optimum ocondition
be used in the studles., Tach enimal was dewormad and given
inocoulationa for diatempar. Cnly those snimsls without skin
lesions of any nature were usad.

In our study 80 dogs were used. Twanty of these animals
received flash burns only, £0 received x-irradiation only,

and 20 recelved both flaah burns and fonizing radlatlion,
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3

Both burna snd x-ray exposures were carried out with the
animals vnder anaeathesia,

Frocedure for Burningt Immediatsly prior to burning, control

blood studies, including blood volumes by the Ty 024 (Evens
blue dys) technique (2), were done on each dog. Animals were
deprived of water sand food for 12 hours prior to the experiment
in order that they might be in "pasel® conditlion snd to avoid
death due to aspiration of vomitus while under snsaesthesis,
Ths anaesthetic agent used was sodium pentobarbltol {Nembutsl)
25 mg. per kilogram of body welight 1.V, Body surfaecs areas
were determined by using the Cowgill-Drabkin formula (3).

Esch burn pleced on the doge had an sres of R20.7 8q., om., An
appropriate number of such burns was pleced on each animal
seperated by an arsa of normal skin to equsl 20 per gent of
the animal's total akin surfece areas. The burns wers
administered by mesns of a 24-inch U, 8, Army aearchlipht
equipped with an ellipsoidal mirror {4). REach burn was
producad by a thermel dose of 8.0 cel,/cm.® delivered over

a pericd of one second at constant thermal intensity. The
resultant burn wes deep second degrae,

Irradiation Procedurs: The rosntgen ray appsrsatus used for

whole body 1lrradlations was & 1000 KVFP resasonant tranaformar,
roentgen ray tube employing a tungaten target et right angles
to the electron beam., Radiation factors weret l17r/min. as
me&asured in alr at 200 em, Fu8.D.; h.v.1l. in mesonite 12 em,

at 200 em. F.8.D, employing 1 mm, of Al, filter, whole body
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4,

irradietion fleld. Doses in air and within masonite phantoms
ware measured with Victoreen Bekelite thimble chambars, Dogs
were exposed at 200 cm. F,3.D. to 100r asa messured in air,
Zach animal was expoased lirst on cone 8side and then on the
other, the usuel "beking® technique. 1t required about

6.5 minutes to complete esch exposurs. In one~hslf of the
enimalas tested the burns were glven first; In the other half
the irradistion was glven firast. No differencs was noted

in elther group.

White Bloed Counts: Parlipheral white blood counts were done

on esch dog prior to any burn or x-irradiatlon., The everage
of such counts in eech group of 20 dogs was conslidered to be
the normel or control count for thet group. Followlng flash
burn and/or irradiation white blood ocell counts, hereafltesr
raferred to as W.B.C., weras dons evary other day until the
termination of the experiment. In the enlmals recelving
x-irradistion only, similar studles were carrled out excent
for the ommission of W.B.C, studles during the first elght
hours following irradistion. Whits blood count studies ware
done every day that blood and/or wound cultures were taken.

Bloocd and Wound Cultures: In the preparation cf medls for

culture of the blood, bacto-«tryptose, dextrose agser, and broth
media were usad., The culture flesks were prepered ssssntislly
according to the methods described by Castanede (5), the only

modification being the addition of 0.1 per cent yesaat extract
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to the medium.

The animals were prepared for bleeding by shaving the
arsa of the femoral vein which was then scrubbed with a&
germiolidel soap. Thls ares was waghed off with 70 per cent
sloohol, followed by tinoture of 1odine and again by 70 per
cent aloohol, The operating teble wes washed with soap and
water after sach operative procedure, Hasks ware worn by
all personnsl. |

Blood apecimens taken fﬁfm the dogs in § ml. amocunts
ware lnoculsted directly 1nto}th¢ bottles of culture medis.
411 cultures wers Incubsted a;roblaally et 37° ¢ and
examined esch day for avidence of growth. If no growth
eppeared 1In the culture flask at the end of five days ine
cubetlon, the culture was dlscarded as negative, In pre-
vious experiments (1) duplicets ocultures were run on esch
blood specimen, one of which was incuteted under aerobia
conditions and the other undsr snaeroblec conditions. Wwhen
1t was found that tho gepticemla occuring in the animals
wés in all coass due to seroblc bacterlia, the anserobio
cultures were discontinued.

Culturas of thoe wounds were taken with sterlle cotton
swabs which were streaked directly onto blood ager plateas.
The plates were exemined after 24 end 48 hours incubation at
37° C. Representstive colonies were picked from tha pletes

to blood agar plates for further identificatlon procedures.

Washington National Record Center
OfTice of the Army Surgeon General
Record Group 112

Accession #: (p5 A- 3] 7‘-}

Box #: 59
File: Svans, Tdris mb-49



B

Baoterias lsoclated from the bloed snd burn wounds of the
dogs were ldentified by the foliowlng procedures: Frellmlnary
grouping of the streptococcl was made into alphe hemolytic,
bete hemolytie, and pamma types by their resction on blood
egar platea, The bets hemalytic atreptococci were further
subdivided serologicslly on the basls of their group scarbohydrate
C substancs according to the method described by Lancefield,
Alpha hemolytis and gewne types were not further identified
as to specles at this tlime but will be discussed In more
detail in 8 later report. 41l micrococci (Staphylocoecl)

isoluated were identified as elther Microococous pyogenes var.

aureus or ¥icroooocus pyogenes var, albus on the basls of

plgmant formation.
RAESULTS

Group 1 - Dogs with 20 per cent flash burns alone

The average W.B.C. count In this group of dogs prior to
any thermal traume was 12,200/cu. mm. During the first eight
hours following production of a deep second depgree burn by
the "flssh technique" end involving 20 par cent of the total
skin surfeace area, there wss a stesdy rise in the W,B.C./ou.
mm, ocount from the control value of 12,00 to & pesk of
24,100 at eight hours. During the next two weeks a gradual
riss to the pesk of 29,800 %W,B.C./cu. rm. at 10 days was
reached which corresponds closely with the psak incldence
of positive blood cultures in thias group (see Fig. l).

This gradually declined to a normal control lasyel of 12,400
(Insert Fig. 1)
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at 21 daya poatburn, The trend of thisz blood count is
indicated in Fig, 2, (Insert Fig. 2)

Beginning with tha third day postburn blood and wound
cultures were taken. Uf the 239 blood culturss, 24 per cent
ahowed the premence of hacteris with gamma streptococel and

Miorococeus pyorenss var. 8lbus being the predominant lsolates.

The highest percentege of positive blood cultures occurred
between the seventh and tenth days, Usually only one type of
organism wes isclated from each bloocd specimen although
sxceptions occurred as may be noted in Flg. 3. In cnly one
instance wes a beta hemolytic streptoococus 1polated from the
blood and this from an animel thet aubsequently died. One
additional dog in thls group dled giving B rfatality rate of
10 per cent, (Insert Flg. 3)

Since sarlier atudles with dogs expossd to thermal burns
indicated thut microorgenlisms invaeding the blood wers with
rare exceptlons straptococcl or miorococol and since we wighed
to obtain data on the source of these bacteria, the study of
the wound flora was limited to the microcorcl and streptocoeced.
Other types of bacteria including the nonsporeforming rods
wars not uncommonly found in small numbers; but since they
rarely appeared in our blood cultures, we did not concern
oursslves with them in this study., ¥icrocosel and/or
atreptococcl were isolsted from all 186 wound sultures taken,

¥iorococcus pyogenss var, albus with occcasional Hierecoccus

pyogenes var. gursus was the predominant micrococcus fsolated,
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Neerly every burn showed the presence of alphs hemolytic or
g&amé streptococol, &nd of particulsr interest waa the high
incidence (Fig. 4), 23.8 per cent of all burn cultures, show-
ing beta hemolytlc atr %;%%gri Fi%ﬁu%)ia not surprias!l

g be ¥ sptococol, s prising,
however, Iin.view of our findings with regard to the incldence
of bete hemolytic streptococel In normel dogs. A survey of
25 normal healthy dogs in whieh the nowmse, throat, askin, rectum,
snd genitalia of sach enimal was cultured demonstratsed that
38 per cent of the dogs cerried this organism in one or nmore
of the ereas cultured. The predomlnant t{ype 28 determined
by Lancefleld's msthod was the large colony G. Deapite
thess findings 1t 1s of Iinterest to note that this organism

was 1solated only once from the blood cultures,

Group £ = Dogs with 20 per cent flash burns and l00r x-irradistion

The average w,E.C. count in the control dogs prior to
eny thermal or lonizing trauma was 12,700 W.B,C,/ou. mm. The
studles on thia group of experimental animala were carried out
at the same time Intervals es those iIn the group with burna
only, fesentially the same pattern of W,B.,C. lncresaae
occurred during the first eight hours ss in the letter
mentionsd group. In subsequent deays the W.B.C. counts in all
cases remained below the control level through the twenty-
first day e&s indicated in Fig, 2.

Two hundred and twenty-one specimens of blood were

cultured of which 47 or 21 per cent were positive for bacteris
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(Fig. 4). As noted in Fig. 3, the predominating orgenisms
present in the blood were Microcacous pyagansas var. albus,
bets hemolytic atreptococcl, gamms streptococsl, and
Mioracaccus pyogenes vaer, aurauna in that order, BExcept in
rare instances only one type of microorganism was legclatad
from a single specimen of blood. None of the oultqraa
contained gram negative bacteria, The 32 per cent incidence
of beta hemolytlc streptococcus positive cultures slther alone
or asscclated with other microorganisme 1s particulerly
intereating. As noted in Fig, 4, they were isolated 15 timea
with 6 or 30 per cent of the animels being involved.
Subgequently five animala died in this group, & faetsellty
rate of 25 per cent. In four inastances death was associated
with 8 beta hemolytic streptococcus baoteremia. One animal

had & combined infection with Cloatridium perfringens,

Micrococcus pyogenes var, albus, and gamma streptococel.

Ths predominant microorganisms found in the 159 wound
cultures taken were Hinrococous pyogepss var. albua, gamms
streptococcl, beta hemolytic streptococcl, and Migrogoacus
pyogenee var. gureug. BSeta hemolytic streptococcl asscaolated
with one or more of the above menticned specles were present
in 53 per cent of the wound cultures. The similarity of the
baoterial flors in the blood and 1in the wounds indicates to
us that the latter tissue is the most llkely asource of the
bacteremia., This 1s further borne out by the precipitin

studles on representative strains of bets hemolytic strepto-
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cocoi which indicatead the slmlilarity of the stralns lsclated
from the blood and from the burn surface. Only G snd L types
were lsolated from the blood of infected animals, Similarly
G end L types were predominant in burns although C end D

precipitin types were 1solated occesionally,

Group 3 ~ Dogs with 100r x-irradietion only

One hundred and forty blood spacimens wers taken from
six male and four female dogs over a period of threse weaeks
as controls on our methods of bleeding and to determine the
inecidence of bacteremias in animals sxposed to 1l00r x-irradiation
only. As noted in Fig. 4, only two of the cultures were
positive. In both instances the mloroorganism lsolated weas

Micrococcus pyogenes var, albus.

DISCUSSION

A high 1lncidence of posltive blood cultures occurs both
in dogas subjected to a second degree flash burn slcone and
in those exposed both to burn and sublethal x~irrsdiation.
In contrel animela exposed to a similar degree of x-irradlation
alone péait1Ve blood cultures ere of rare occurrence, The
predominant bacterial types 1solated were streptococci and
micrococel; gram negativs hecterlia were of extremsly rare
oceurrence. This is in ocontrest to results reported by
numercus cther workers in whioch microorganisms of the family

Enterobacteriaceae were the predominant laoletesd from animalns
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exposed to midlethal or lethal x-irrsdiation. We attribute
thla absence of gram nepatlve nonsporeforming rods in the
blood of our animals to the use of an smount of x-irradistion
insufficlent to demage the intestinal mucosa to the point
where becteriel Invesion from this site could oceur. B8ince
the degree of x-irradistion used by us did not in itaself
prediapose to hacteremlis, 1t 1s apparent that the tissue
demage due to burn was raspensible for the high incidence of
bacteremia In the two groups of dogs. Furthermors, the
gimilerity of the bacterial flora in the burn wounds to the
bacteria lsolated from the blood supports thls observation,
No spparent relationshlp exists between the leucosyts
count end the incidence of poslitive blood cultures. Followe
ing burn slone there 18 & marked leucocytosis resching 1ts
peak on the tenth day which also corresponds closely with
the pesk incldence of positive blood cultures in this group,
The bacteremis in this group is & translent phenomenon
involving bacterla from the wound site of relatlvely low
virulence, DUesplte the fact that beta hemolytic streptococcl
were present In 25 per cent of the burns in this group,
they rarely occurrad in the blood stream, Either they wers
localized et the orliginel site of injury or quickly dispoaed
of onoe they had zained entrance to the blood., In contrast,
followinrg x-irradiation of the burned animals and subasequent

to an initiel peak lncidence in leucocytes at sight hours

v
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postburn, thers is a leucopenie which colnclides with the
greateat Incidence of positive blood cultures. The incidence
of poaltive blood ocultures in this group is similar to that

of the group in which burns alone were inflicted., In contrast,
howsver, 32 per cent of the positive blood cultures showad the
presence of beta hemolytic streptococol, Since typing studles
demonstrated that these bactaria were aimilar to the beta
hemolytlc streptococci found in the burn wounds of our enimals,
it ia apparent that damage to the immune mechenlam by sublethal
x-irradiation influencea the type of microorgsnism that gaing
entrance to the blood stream allowing more virulent bacterisa

to enter from the wound site and produce & fetal sspticemia,

SUMMARY

Experimental studies on dogs indicate that tharmal flash
burn end x-irradlation of such & degree that each in 1tself
ls relatively nonlethal does, in combination, produce an
increased mortality in experimental enimels.

A bacteremls due to streptococel and mierococcl of
relatively low virulence entering through the burn wound occura
in both the burned asnd burned plus x-irradiated animels., The
100r x-irradiation alone does not predispose the animels to
& becteremia. This bacteremia appears to be 8 transient
phanomenon in the burned animala slone. However, in the
burned and x-irresdiated animals the depression of the body's
defenae mechenism by x-irredistion as esvidenaed In part by

the leucopenia which occurs enables more virulent organisms
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to enter from the wound site snd producs a fatal septicaemia.

The site of the tissue injury and the locasl flora thereln
appear to determine the type of invaeding bscteris,

The authors wish to express their appreciation to
Mrs. Evelyn Muller, Mr, Max Rittenburg, Kr. Fred Plerce,

Mr. Ray %illiems, and Mr. Fred Schmidt for their technicsl
assistance,
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Figure 3

Incidence of Occurrence of Varlous Types of Bacterias

in FPoaitive Blood Cultures from Dogs Exposed to Flash Burns

Type Organlism

Flazh burn

Flaah burn
+ 100r

gemae streptococcl

M. albus

¥, slbus + gamma streptococcl
¥. sureus

beta streptocoael

beta streptococel + M. albus
Proteus + ganma streptococol
bets + gamma estreptococecl
diphthercid

Cl., perfringena

Sarcina lutes
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Filgure 4
The Comparative Inecidence of Positive Cultures and of Beta Hemolytie
Streptococol in thes Blood and Wounds of Dogas Exposed

to Flash Burna end to Flash Burns snd Irradiation

Culture Type Kumber Number No. positive
source wound oultures positive Per cant | for beta atrep, | Per ocent
Blood flash
burns | 239 b7 23,8 i 1.7
] flash
burns
+ 100r 221 47 21.26 15 31.9
irradiated 140 2 1.42 0 o]
Wounda fiash 1856 47 £5.4
Tlash
bums
+ 100r 168 B85 53,4
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