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g MEDICAL COLLEGE OF ViRGINIA
RICHMOND 19, VIRGINIA

EVERETY IDRIS EVANN, M. D.
PROFESSOR OF BURGERY
AND DIRECTOR, LABORATORT FOR
BURGICAL RESEARCH August 5, 1953

Colonel John R. Wood, Chairman

Medical Research and Development Board

Department of the Army

QOffice of the Surgeon General

Main Navy Building, Room 2532 /
Eighteenth Street and Constitution Avanue, N. W,

Washingten 25, D.C.

Dear Celonel Wood:

Attached you will find copies of the preliminary report that
Dr. Reid wants to give on our bacteriologic study in the combined
flash burn and radiation injury matter. He wants to give this before
the American Society of Bacteriologists at their coming meeting.
May I have the approval of your office for this?

Yours sincerely,

Everett Idris Evans, M,.D,
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The influence of x-rediation on mortality
following thermsal flash burns: the slte of tissue injury
as 8 factor determining the type of invading becteria
Je. Douglas Reid, James Vi, Brooke, Williem T, Ham, and
Everett ldris Evans.

Department of Racteriology and the Surgicel Research laboratories,
Department of Surgery, Hedical College of Virginie, Richmond,

Tissue injury due to atomic bomb sxploaion is caused by
blast, thermal burn, or irrediation or by some combination of
the three. The importance of each factor in procucing injury
or death ls dependent upon the distance of the bomb victinm from
the point of the explosion, since the attenuation of radiant
and thermal energy occura at differing rates with increasing
distance from the center of the blast as indicated Iin Fig, 1.

Of particular interest to és has been the intermediate
zone approximately 4200 to 7000 feet from the hyposenter.
In thls zone the victim is exposed to thermal injury and ir-
radiation which in combinaticon appeared from the observations
of Japanese medical sclentlists st the Hiroshima and Nagasakl
dlsasters to produce 8 mortality higher than could be explained
on the basis of either alone. The purpose of cur studises is
an attempt to better underatand the mechanism underlying this
increased mortality.

Barlier studies in which 20% thermal contact burns were
produced on two groups of animalas, one group of shich was

exposed to 100r whole body x-radiation showed that & 73%
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mortality rate occurred in the irradiasted group as compared
with a mortelity of 129 in the non-irradiated dogs. Death in
the former group was definltel)y related to a beta streptocoocus
septlcemia,

Because the thermal contact burns produced in the esrlier
studles 4i1d not slmulate exactly thoase whicﬁ are produced by
an atomlec blast and in order to further study the effects of
this comblned type of Injury, this present study was carried
out, We aAre confining our report in this paper to those effects
in which becterlia appear to play an important role,

Thermal burns covering 20% of the body aurface were produced
on 40 dogs, half of which ware 1mnediately thereafter exposed
to 100r whole body irradiation, Poth burns and irradiation
were carried out with the animels under anzesthesia.

The burns were sdministered by a specisl apparatua
utllizing a 24 inch 0. 3., Army asearchlight with an ellipsoidol
mirror, Each burn had an srea of 20,7 sq, om, and gn Bppro-
priate number of such burns were placed on each deog to equal
20% of the animal's total skin surface ares &s determined by
the Cowglll-Drabkin formula, The time for each burn was one
sscond, utilizing 8.0 cal./om?/second of thermal energy. This
resultad in & deep second derree turn, 1l00r whole body irrsdia-
tion was delivered b; means of & 1000 KVP resonant tranaformer,
roentgen ray tube semploying & tungsten target at right angles
to the electron beam, Half of the total dose was delivered

to each side of the dog. .
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Subsequently wound and blood cultures were teken dally
for the first 12 days snd every other dey thereafter until
the 218t day, 8t which tlme the experiments were terminated.
As indlcated in Teble 1, 239 blood cultures were taken on the
20 dogs that recelved flash burns only, snd of thils number
23,.8% were positive with micrococel and streptococci of the
alpha henmolytic snd jamme types predominating. Of the 221
cultures taken from the burned and irradiated dogs, 21.26%
were positive with a simllar flora except for the relatively
hlgh 1nocldence of beta hemolytiec streptococci., In both groups
the greatest number of positive cultures were obtained betwegen
the 6th and 10th days., (Fig, 2) In contrast to numercus other
reports in which animals have been axposed to mid=lethal or
lethal x-radlation alone, gzram negative bacteria of the Entero-

bacteriaceas were of extremely rare occurrences, The same

organisms predominant in the blood were also present in the
wounds, As controls 10 dors expossd to 100r whole body ir-
radiation but not burned were cultured over & similar period

of time. Of the 140 blood cultures taken from these animals,
only 2 or 1.42% were positive., In both instances the orgenisms
1soleted were micrococcl, Since thls degree of irradiatlon
did not predispose to a bhacteremis, 1t 1s apparent that the
tissue damage due to burn alone was responsible for the high
incidence of bacteremia in the two groups of dogs. The
gimilar flora in the blood and wounds indicates further that

this was the source of the bacteria invading the blood stream,

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

Accession #: (_p5/q" 31 7'—;’
Box #: &Y

File: Cvons, Tdris mb-94



4.

Following irradiation of the burnsd animels end subsequent
to an initial peak increase in leucooytes at 8 hours postburn,
there 1s a leuocopenlia which coinoldes with the ;rsatest ine
cidence of positive bleood cultures as indicated in Fig. 3.

The white blood counts on a group of 20 animals irradiated only
were similar to those obtainad}on the burned and irradiated
enimals except for the absence of the initial striking rise
in the firat 8 hours dus to th;burn thet cocurred in the
latter group. In the burned doég only, there 1a a marked
leucooytoela reaching ite peak on ths 1l0th day, which also
corresponds closely with the ﬁpak incidence of posltive blood
cultures in thils group. Hd.apﬁare$t relationship existe between
the leucocyte count and the incldence of baoteremia in either
group. However, we have found that while only @P or 0.,041%
of the blood cultures from the burned snimels were positive
for bete hemolytic streptococcl, 14 or 8.3% of those from the
burned and irredliated dogs were prsitive for this organlaem,

On the btesis of number of animals with s beta hemolytic strepe-
tocoacus asepticemla, 5% of the burned and 30% of the burned
and irradiated snimals wore 80 infected. Typing by the
Lancefield mathod indilcated that these atraptococci were pre-
dominantly of the G, L, end C i{ypes, simlliar types also being
found in the relatively heavily infected wound cultures. The
presence of this organism in the blood of the lrradiated dogs
was definitely related to the death of the &nimals, The

LY
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mortallity rate in this group was 23.8%. Two animals died in
the burned group, & mortallty of 10%. In nelther case was &
hemolytic streptococcus assoclated with death, Although ths
mortality rate dve to comtined thermal flash burn and 100r
irradiation is considerably less than that follewling thermal
contact burn and 1l00r Irrasdiation, the smequerice 0of events 1a
otherwlse aimllar,

This deyrse of irradiation, slthough insufficient to
injure the intestlinal mucosa and allow entrance of the coliform
bacterla ss appears to occur with mid~lethal or lethal x-radiae-
tion, was sufficient to depreas the body's reaction to tissue
Injury to the point where aither the local defense mechanisms
are unable to prevent tha entrance into the blood of virulent
organisma or are unable to cdeatroy thess orgenliams once they
gain entrance,

Surmary

Experimental studies on doga indicete that thermsl flash
burn and lrredietion of such & degree that esch in itaelf is
relatively non-lethal does, in cowbinatlion, produce an Ine
creased nmortality in experimental animala,

A bacteremia due to rilcrococci snd streptococcl of
relativaly low virulence entering through the burn wound occurs
in both the burned &nd hurnaed and irradisted animala., The 100r
x-radistion alone does not rredlispose the animals to & bacteremia.
This bacteremnla appears to Le & tranalent phenomenon in the

burned animals alone, Howsver, ln the‘burned and irradiated
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animals the depression of the body's defense mechanism by ir-
radlation as evidenced in part by the leucopenia which occurs
enables more virulent bacteris orgenisms to enter from the
wound site and produce & fotal geptlicemia.

The slte of the tlssue injury and ths local flore therein

appears to determine the typo of lnvaeding bacteriea,

Lia e e

The authora wish tc oxpress their appreclation to Hr. Max
Rittenbury, Mr, Fred Pierce, lr. Ray Williams and ¥r. Fred Schumidt,

Jr, for thelr technical esslatance.
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DISTANCE FROM EXPLOSION

Fig. 1.—Thermal and gamma ray
ing negligible atmospheric attenuation.
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&xposures at various distances from nominal bomb, assum-
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Table 1

The Comparative Incldence of Beta Hemolytie Streptococel

in the Blood and Wounds of Dogs Exposed to Flash Burns

and to Flash msmnm and Irradiation

Culture Type Number Number Beta
source wound cultures posltive] Percent strep. Fercent
Blood flash
burns 239 57 23.8 1 041
flash
burns
+100 r 221 47 21,26 14 6.3
irradliated 140 2 1.42 0 0]
Wounds flash 185 47 25,4
flash
burns
+100 r 159 85 53.4
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No. Positive Cultures
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