
~~~~~

ie�a _ _ _ _ _  _ _

J!~~1

_ _  

A _ 
_

END
DA TE

FILMED

8 -7 7



r ~~~~~~~~~~~~~~~~~~~

DECONTAM I NATION OF COMBAT
WOUNDS IN THE INJURED SOLDIER

Fina l Comprehens i ve Repo rt

by

Respons ible i nvestigator : Mil ton 1. Edgerton , M.D.
Richard F. Ed li ch , M.D.
George 1. Rodeheave r, Ph.D.

Depa rtment of Plastic Surgery
Un i vers i ty of V irg inia Med i ca l Center

Charlo ttesville , V i rg inia

Janua ry 1 , 1977

For the period of Septembe r 1 , 1975 to Decembe r 31 , 1976

Supp~ rted by

U. S. ARMY MED iCAL RESEARCH AND DEVELOPMENT COMMAND

Con tract No. DADA i;~ 7~~~~2!53

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _ _



pr—

SEC~J RI  C L A ~~~! F I C A T I C ? I  OF T HIS PAG E ~~~~~ t),, ri. hnr,n,d)

REPORT DOCUMENTATION PAGE
I. REPORT NUMBER 2. GOVT A CCE~~~IO~ NO. 3. RECIP IENT ’ .. cATALOC , IIUMBEN

4. TI TL E (wid Subtltiel .. ~~~~ -— ~
- .- . -.- . -O~~~~~~~!~~~W-4 ~EQQRT & PERIOG COVERED

Decontamination of Comba t Wo~inds in the (“( ‘

~ 
Fina 1,Rei~~~E.~tfor the period

Injured Soldier . - 

- 

L 1 Sep 75 - 31 Dc-cm
5. ~~~~~~~~~~~~~~~~~~~~~~~ . .NUM BE R

7. A UTHOR( SJ i 8. CONT R~~çJQ ~~,~~~~A NT N U M B E R ( . )

N i lt o n  T. ~Ed g~ r ton , ~N . D .  - DADA 17-72-C -2 153 ~
——< Richard F ./ E d l i ch (~1.D .

George T. /Rodehc ave”?~ Ph .D.  __________________________

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ AND ADDRESS 10. PROGRAM EL EM~~~~T , PH O J E C T , TASK
A R E A  6 WOR K  UNI T  NUM8&.J~~

Department of Plastic Surgery V

University of Virg inia Meó~~al C~ flter 6 1, 102A
Charlottesville , VA 1/ 3A1611O2B71RJO1.036

h. CONTROLLING OFFICE N A M E  AND A DDRESS (
~ 

%2. REPORT DATE

US Army Nedical Research and Development Command ..! Jl Jan~~~~ ~~77
Washing ton , DC 2 0316 -. ~~~~- . NU~~~~~~~OF PAGES

J~:~ -“74 ,~~~~~ 
j

14. MONITORING AGENCY NAME 6 ADDRES$(I I different from Controlling Off ice) ‘~~~‘8~~ .W~~f lY  CLASS.  (of Ib is report)

UNCLASSIFIED

ISa . DE C L A S S I F I C A T I O N / D O W N G R A D I N G
SCHEDULE

16. D I S T R I B U T I O N  S T A T E M E N T  (o f this Repori)

Approved for public release; distribution unlimited

D O G
17. DISTRIBUTION STATEM ENT (of the ab.lract entere d in Block 20, If ditforen t from Report) ?~~~~~‘ ~~~~~~~~~~~

JUL 12. 19fl

18. SU PPL EMENTARY NOTES

19. KEY WORDS (Conti nue on revere, side if nec.ssar’/ and identify by block number)

lodophor , Pluronic F-68, Antibiotic sensit ivities, Proteolytic enzymes ,
Anae robes

20. ABSTRA CT (Continu. or~ r.rer.. side If neceelery and ident ity by block number)

na~-~emer~L of traumatic wounds involves rapid assessment of the extent
of injury and contamination. Studies in our laboratory have evaluated the
interaction of antimicrobial agent s and bacteria ,

A fundamental tenet in the management of traumatic wounds invo lves
successful wound cleansing . Solutions used as wound cleansers usually
contain art antiseptic agent and. a detergent. The majority of these deter-
gents have been found to be toxic to tissue and impair its defenses. (con t.)

DD 1 jA11 73 ~I413 ED1IION O Ft  #OV 6S )S OBSOLETE ,L.~ ‘) .
~~
‘ j
~ 3 ~> _ .—

~~~~
-

( lt iTY rt~ a. ’~ F~ ’ A~~~pr1N r~r - ‘,, I-  

.~~ -



— ~~‘-rm~~~~~~~~, ~ C n

S~~C U H IT Y  CLASSIF ICAT ION OF T H I S  PAGE(IThw Data E~ t.t.d)
t_ .

~
:0 .  Pluronic F— ~~ i a nori—ioitic deter~ etit  -,•:~ I (‘h was l o u t !  to ~~ j i ~ i~ —t ~~y

W~ cn used to solut ilize iodine , Pluronic 1— f forms a completely sale and
1 Oll O ili  .or . In order to formulate the most ef’i lye iuu s~p 1ioL ’ the

p~ r . .-~~urs of pH, iodIde concentrat iot , arid - iei,~ ~ ys.t col.ce~.i; ra 1, ‘ 1)1. sere
evalua ;ed by t o L i t  “ in vitro ” and “ in vivo ” tests.

The : 5  cut of a bacter i~i ’ s suscept ibil ; - ~~ , , -to ‘ ‘‘l t ,L t ,  a t . i I

is performed with the standardized Kirb y -Bauer tec1tz.i q~se . Result s from the
procedure are obtained ~~ R_ ~~~~ hours after a sample is taken . In critical
situa~;io~.s result s are needed much sooner. Some iuhys lc iax : s  advocate
sensit ivit y t es tir~1 di rectly ±‘rorri the clinical speclme:i. Af te r  evaluatih ;
the variables of inoculum size , incubation time , tissue b iudia;; and mixed
organisms , it was determined that direct ant ibiotic sensitivity test iw~; is
a reproducible technIque. Ia certain cases the result s can be obtained
withia seven hours o~ ot taiuin~ the specimen.

Topical proteolyt Le ~~ z -ywes have been show) , to enhance the eff icacy of
delay~ d antibiotic therapy . Further st i~dies indicate that the use of t opical
e t z ~ m c s  does not i n i t h it  tissue defenses or wound healing. “Li vitro ”
studies do su Lt~est tha t the enzyme solutions inhibit white cell f unc t i on .

The results of interaction of tissue and bacteria can be predicted on the
basis of quatiL i tative levels0 Standardized and reproducible techniques have
bee n developed for q1~aut itatini - the t iutrIe r  ot ’ aerob ic O1’ ;anis t:is in fluids
and tissues. These t .y~ es of procedures are not available in the case of
anaerob ic bac teria . A procedure has been developed which employs an anaerob ic
hoao~:eniza ion c1iau~ cr , pre—reduced dilution. fluid , and anaerobic adar. This
technique was utilized in monitoring the microbiology of burn wounds. ~o
strict anaerobes were round after examining 105 burn wound biopsies.
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I NTRODUCTION

Every traumatic wound is contam i nated by bacteria and fo rei gn debris.

If the number of bacteria in a wound is large enough ( i o~) , infect ion w i l l

develop after primary closure . The type of fo re i gn debris lod ged in a wound

varies considerabl y with the type of injury . Forei gn bodies may impai r the

wound ’ s ab i l i t y  to resist infection; the magnitude of t his deleterious

effect depends on the chemical and ph ysical confi guration of the fore i gn

bod y.

A fundamental tenet in the management of traumatic wounds invo l ves

successful wound cleansing . A variety of agents have been emp loy ed to

cleanse the contaminated wound . Some surgeons emp loy saline to wash the

contaminants from the wound . Others emp loy commercially ava i~ àble surg ical

scrub solutions to cleanse the wound . These scrub solutions contain an

antiseptic agent and a detergent. The antiseptic agent in the solution k i l l s

the ‘iiab le contaminants. The detergents in these solutions have a d i stinct

advantage over saline in that they reduce the surface tension between the

contami nants and the wound , thereb y facilitating their removal. Deter gents

can also minimize the frictiona l forces between a sponge and the wound , l i m i t i n g

tissue damage while ensuring wound cleansing (1). In addition , th ey solu-

b i l i z e  relative l y insoluble particles encourag ing the i r dislod gement ~‘-~m

A the wound surface. Unfortunatel y, the detergents emp loyed in many surg ical

scrub solutions are toxic to ti ssue and impair i t s deFenses (2). Treatment

of wounds with these detergents potent iate s infection rather than protectin g

them against the development of suppura tion .

I
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Structure—toxicity studies perfo rmed in our labo ra tory have identi f e d

a nonionic detergent that is a safe and effective wound cleanser (3). T h s

detergent is Pluronic F-68, a Pluronic pol yoi with a hi gh eth y lene oxide

content (80 per cent) and a molecular wei gh t of 8,350. The efficacy of

Pluronic F-68 is related to its detergent properties since it has not anti-

bacterial activity. Top ical app lication of hi gh concentrations of this deter-

gent does not impair tissue defenses or wound healing (1). Scrubbing con-

tam i nated wounds with sponges soaked in this detergent ensures bacterial

remova l without tissue inj u ry and protects against infection. This same

deter gent has been administered intravenousl y to human subjects without side

eff ects , providing strong evidence for its use in man as a wound cleanser.

The chemical structure of this nonionic detergent offers one additiona l

advantage. The detergent can so l ubilize the relative l y inso l uble elemental

iodine to form an iodop hor. This comp lex  so~ ut ion has the an t ibacterial

activity of iod i ne and the cleansing prope rties of Pluronic. The purpose of

this study is to describe the fo rmulation of this iodopho r for use as a

skin and wound cleanser. In vivo and in vitro test results that substantiate

its therapeutic va l ue are reported . -

M A T E R I A L  A ND M ETHODS

Preparation of lodine-Contai ni n o Solutions. One of the major imped i ments

in the formulation of iodine solutions is the low solubility of elemental

iod i ne in water (0.355 gm/L) . Iodine solub i 1 ity can be enhanced by comp lexi n c

the iodine , making it more stable in aqueous solution. The most common form

of comp lexa tion is the use of the iodide ion as in Lu gol ’ s solution. Iodide

reacts with iod i ne to form a soluble comp lex in accordance wi t h the equa tion:
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1 2 + I 1 3 .  Comp lexation of iodine with surface active agents also increases

its solub i lity w i t i  the iod i ne bei n g incorpo rated within mo lecular aggre-

gates of the surfactant called r n ice ll e s (14). Solutions of iodine prepa red

in this manner are referred to as iodop ho rs . Iod i ne solubi l ity can also be

enhanced by the additio n of alcoho l to fo rm a t i n c t u r e  o f  iodine.

A 1 per cent aqueous solution of iod ine was prepared by dissolvin g iodine

(1.00 gm , 3.914 mM) fl, water containin g sod i um iodide (1.00 gm , 6.67 mM) and

diluting it to 100 ml . A I per cent tincture of iod i ne was accomp lished by

d i sso l v i ng  1 .00 gm of iodine (3 .9 14 mM) in 50 m l of 95 per cent ethanol. To

this solution was added 1.00 gm (6.67 mM) of sod i um iodide and the mixture

diluted to 100 m l with d i s t i l l e d  water.

- Pluronic F-68 (BASF Wyandotte Corp , Wyandotte , t~i shi gan) is a su-face-

active agent tha t can be used to solubi li ze iodine resul ting in a Pluron ic

iodopho r . Pluronic F-68 is synthesized by adding propy lene oxide to the :‘.-io

hy d roxy l g roups of a p rop y lene g l yco l nucleus . To the ends of this hyd ro-

phobic base are added hy drop h i l i c  ethlene oxide units. In the case of Pluronic

F-68 the hydroph il ic groups are controlled in length to const it ute 80 per

cent of the fina l molecule. This polar molecule orients itsel f with respect

to iod vie so that the hy drophobic p o r t i o n  s u r r o u n d s  the iodine while the
p

rema i nder of the molecule forms a hyd rophilic shell. This hydrophi l ic shell

makes the iodine water soluble. -

In this stud y two Pluronic iodophors that differed onl y in the concen-

tration of sodium iodide we re prepared . I n i t i a l l y, both solutions were made

by adding 10 gm of Pluronic F-68 to 80 m l of d i s t i l l e d  water. In one solution ,

gm (3.92+ mM) of iodine and 1.00 gm (6.67 mM ) of sod i um iodide were added .

To the other , tenfold mo re sodium iodide (10.00 gm , 66.7 mM ) was added to the 

~~~~~~~~~~~~~~~~ —~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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solution with a simi l a r  amount of iodine (1 .00 gm , 3.914 mM) . After so l ubi l iza-

tion , each Solution was diluted to 100 m l.

lodophors conta ining pol yviny lp yrro li do n e (PVP) were also prepared for

this stud y. Iod i ne is rapidl y solubi l ized by PVP without the aid of sodium io-

dide. The pharmacod ynamfts of solubi liz ing iod i ne with P’/P are more complex

than is the reaction between Pluronic F-68 and iodine. When iodine and P u P

are mixed together , an ox idative chemical react ion occurs that generates

enough iodide to ensure solubil i za ti on of the iodine (5,6). The finished

product contains approximatel y two thirds of the ori g ina l amount of iod i ne .

Prepa ration of the PVP iodophors began by dissolving 10 gm of PVP (K-30 ,

ave rage molecular wei ght ~O ,OOO; Matheson , Coleman , & Be l l , East Rutherfo rd ,

New Jersey) in 80 m l of water. Elemental iodin e (1.00 g,. 3/914 m u ) was then

added , stirred overni ght , and d il uted to lOO jn l with d i s t i l l e d  water . Similar

solut ions were prepared in which different amounts of sod i um i ’od ide (1 .00 cm

and 10.00 gm) were added concomitantly with the iodine . Also included in

this stud y was an undiluted solution of Beta di n e~ antiseptic agent as obtained

from the manufacturer (Purdue Frederick Co , No rwalk , Connecticut). This

commerciall y available antiseptic agent is a PVP iodopho r that is commonl y

emp loyed by surgeons as a skin wound cleanser.

Previous ~tudies indicate that the pH of an iodine solution affec ts its

stability and antibacterial a c ti-iit y (7) . Therefore , solutions of Pluronic

F-68 and PVP iodophors were prepared as previousl y desc ibed except that a

buffered solution - was emp loyed as the diluen t instead of water. M c l lv a ine

buffers with PH va l ues of 2.1 and 4.0 were made us in c citric acid and sodium

hydrogen phosphate , resp ecti v e l y .  A buffered solution with a PH oF 7 0

was also prepared u s in g  potassium dih ydrogen phos~ nate and sodium hy droxid e .

- ~~~~~~~~~~~~~~ -— ~~~ --~~~~~~~ ~~~ - — . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Chemistry of lodophors. An iodopho r contains a surfactant or protein

that so lubi l izes aqueous iodine. This so l ubi l ized iodine exists in dynamic

equi l ibrium between cornp lexed iodine and free iodine. The ma jority of iodin e

is in the complexed form and held within the micel l e s of the surfactant or

protein. Outside the micelle is a small amount of free iodine that is

responsible for the antibacterial activity of the i odop hor. This level of free

iodine remains constant throug h contributions f rom the large reservoir

of iodine in the comp lexed form . The total amount of iodine in both the

free and comp l exed forms is termed the available iodine. The quan tity of

available iodine in any solution can be determined by :itr at io n with sod i um

thiosulfate.

A l l  iodop hor solutions con ta i n  a s m a l l  amount of Free Iod ine that is .22!

associated with the iodopho r comp lex. The aniount of such free iodine is

determined co l orimetric all y from the amount of iodine extracted into an

immiscible organic solvent (8) . To a test tube containin g 1.0 m l of test

solution was added 10.0 m l of spec t roqu alit y n-heptane. This solution was

ag itated and equilibrated at 2.5
0 

C. The amount of iod i ne extracted into the

heptane layer was determined by its ab~ orpt ion at 520 nanometers on a

model GA Co l eman spectrophotome ter. Schmidt and Wi n icov (8) reported that

iodine absorption was linea r throughout the range of 1 to 25 mg per 100 m l.

The concentration of free iod i ne is reported in parts per m i l l i o n  (ppm) taking

into account that iod i ne d i stribut e s itself between heptane and water in the

ratio of 30:1 .

Germic ida l A c tiv i t y of tod i ne-Con taininc Solutions (in vitro ). The 

~~~~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ -
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effectiveness of an ant sepr i c a~ ent is often jud ged by its imn~ed iat e anti-

bacterial activity. Id e all y , th i s antibacterial a c t i v i t y  should pe rs ist for

a pr o l o nged per iod. An in vitro test has been devised that provides a relative

indication of the time interva l in which an antiseptic agent exhibits effective

antimicrobial action. This test measures the capacity of an antiseptic agent

to ki l l  microo rganisms for an extended period of time when the cont aminants

are added sequentiall y (9). In this test , an ei ghteen hour nutrient broth

culture was centri r uqed and the bacterial sediment was washed twice in sa u ce

and then resuspended in an enriched AOAC pheno l coe fficient broth so that

the final concentration of bact e ria was 2.0 x lO~ Eschericia coli /0.2m l . In

the first series of experiments , the broth was prepared by boiling 5.0

gm of beef extract (DIFCO ) , 5.0 gm of sod i um chloride , and 100 cm of peptone

(DIFCO) in 900 m l of d i s t i l l e d  water. In a second set of experiments , the

broth was prepared so as to contain ten times the amount of b~ ef extract and

peptone. The protein-enriched broth was used to accelerate the inactivation

of some of the iodophors . After cooling, the pH of the solution was adjusted

to 6.8 and then diluted to 1 ,000 m l. The broth solut ion was then sterilized

by heating it to 2500 under 15 pounds of pressure for 20 minutes.

At desi gnated time in terval s , O . 2 ,,m J of this contaminated broth solution

~was added to 1.0 ml of a test samp le of iodine solution. At a specified

time interva l after each sequential addit i on , a samp le of the test solution

was removed with a bacterial culture loop (Lmm in diameter) and sub cu ltu red in

1 .0 m l of nutrient broth containing sod i um th i osu l fa t e (1 per cent) to neu-

tra l ize any transferred free iodine. This content of sod i um thio su i~ ate has

no inhibitory effect on the g rowth of E coi l in nutrient broth. .~\ 1 l sub—

cultures were incubated For thre e days at 370 C and t hen  checked for tu r b i d i t y .
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If there was some question as to whether a solution was t u r b id , the nutrient

broth was subcuit u red on nutrient agar that was subjected to an overni g ht

incubation at 37°C . The presence of bacterial colonies on the agar p lates

was repeated twenty times for each test solution.

Rate of bacterial k i l l .  The purpose of this phase of the stud y is to

determine the rates at which iodine-containing solutions can steriliz e  a

l a r g e  i nocu lum o f  bac t e r i a  i n  v i t r o . T r i p l i c a te  t ubes  c o n t a i n i n g  e ither

0.2 or 0.5 m l of either aqueous iod ine , tincture of iodine , or Pluronic F-68

were emp loyed in this stud y. Each solution contained I per cent a v ailable

iodine. To each tube was added 1 .0 ml of pheno l coefficient broth cont ai ning

6 x 10 10 C coli. At specified time intervals a measured a l i quo t of the

solution was removed u t i l i z i n g  a calibrated loop and immediatel y p laced in

5.0 m l of 0.9 per cent saline containing sod i.um thiosul fate (1 per cent).

The number of  viable bacteria present in each test loop was d~ termin ed by

standard microbiolog ic d i l u t i o n  and plating technic s . This sequential

monitoring of tne viable counts of the treated solution provides an indica-

tion as to the rate a t  which the antiseptic agent k i l l s  the bacteHa.

Antiseptic Ac t i v i t y  o f  lod i ne—Con tain in c Solutions in Con taminat ed ‘.-c ~~rd~

(in viv o ). New Zealand albino rabbits - -we i ghing 2.14 to 3.0 kg were anesthe-

tized with pen~tobarb Fta l sod i um (33 mg/kg). Their backs were cli pped with

electric shears , depilated with Surgex , and washed tho roug h l y with water

fo l l owed  by 70 per cent ethy l alcohol. Using aseptic techn ic , standard iced

surgical inc i s i ons (2 cm In length) were made through p arev ert abr al skin down

to the panni:u lu s carnosus. Random ized wounds on e2ch of  the rabbits rece ived

0.1 m l of desi gnated iodine—containing solut ions. Solutions eva l uated were
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tincture of iod The , B e ta d ine an:~ sep i- : ~ol ut ion , ~ rd t -.~o Pl u r oni c F-68

iodophors ; a ll contaHed 1 per cent ~od ium iodide , and the Plu ro n i c iodophors

were buf fered sepa ratel y to pH 2.i 3nd 14.0 Af ter the Iod ine solutions

had remained in the wounds of desi gnated rabbits For either 0.5, 1 , 2, or

3 hours , the wounds were cont ami n ated with 2.8 x TO 5 E col 1 /0.02 m l . In

a separat e ~:oup of rabbits , 0.1 m l of the Pluron i c iodopho r buffered to pH

2.1 was introduced int o the hound . At i n t e r v a l s  o f  2,3,4, and 5 hours , six

wounds we rc inoculated with 2.8 x lO~ E coli/0. 02 m l . Thirty minutes after

contam in at ion , each -.~.ound was swabbed w i th a st e r i l e  cotton—ti pped app l icat o r .

The app l i cator was then immersed i n 5 m l o f  s a l i n e  c o n t a i n i n g  sod i um : h i o s u l f a t e

(1 per zen w /v ) . The app l i c a t o r  was  v o r t e x e d  for 1 minute and the numb er of

organi sms p-e sent in the solution was det e rm ined by standard microbio l og ic

techn lo s.

A nt l se o tic Activity of lo d i ne —C o nt a i n in m Solutions on Co nt aminated Skin.

The paravertebral skin of anesthetized rabbits was depilated and prepared

with iodine-cont a ining solutions. A measured vo l ume (0.1 ml) of either

tincture of odine or Pluronic F-68 (1 per cent of sod i um iod id e , buffered to

a pH of 2 .1) was p laced on the rabbit ’ s back and spread uniform l y ove r a

3 cm 2 area of skin with a g lass rod . At different time intervals , selected

areas were contaminated with 0.02 ml of sal inc containin g 1. 14 x E coil.

Thirty mi n u t es~ after contamination , the teSt sites were excised. The number

of bacteria i n  each skin samp le was determ i ned by quantita t ive tissue micro-

b Iolog ic te chnics (10) .

RESULTS

Chemistr y of l odin e—C o nt oini nc Solutions. PVP .~ias used tc- s o l u b i l i z e

Iod ine in aqueous solution w i t h o ut  the add i tion of sod i um H d i d e .  (Table I).
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However , only abou t 60 per cent of the ori g inal iodine was accounted for by

tit ration with sodium thlosulf ate. I n i t i a l l y PVP reacted chemicall y wi th

Iodin e to generate carbon-iodine bonds and iodide. This Iodide then assisted

in no rma l so lub ill zati on of the remaining iod I ne . I n  co nt ras t , Plu ronic po l yols

did not react In an oxidat ive manne r with iod i ne to generat e iodide and ,

therefore , did not readil y so l ub i lize aqueous iod ine unless sod i um iodide was

added to the solution.

Use of sodium iodide in preparing iodophors not onl y enhanced the so l ubil-

izat ion of iod i ne but also affected the amount of free iodine in solution.

The amount of free iodine in the lodopho r solution was inversel y proportiona l

to the concentration of sod i um Iod ide. lodopho rs of PVP without sod i um

iodide contained more than three times the concentration of free iodine (1.8 ppm)

than the same iodopho r with I per cent sod i ur~ iodide (0.5 ppm) . PVP lodophors

containing 10 per cent sodium iodide had ex t reme l y smal l quantities of free iodine

(o.2 ppm) . Similarly, the concentration of free iodine (2.5 ppm) In Pluronic

F-68 iodop hors conta ining onl y 1 per cent sod i um iodide was considerabl y more

than the free iodine concen t ration (0.3 ppm) in Pluronic F-68 iodopho r

solutions containing 10 per cent sod i um iodide. -

Germicidal Activity of Iod ine— Con ~ a i n i n q Solutions (In vitro ). In this

test , hea v i l y contaminated pheno l coefficient broth was added sequentially to

an iod i ne—conta ining solution every 60 seconds. Fifteen and 30 seconds after

contarm i-nation , the antiseptic agent was cultured for the presence of viable

bacteria. If bacteria were not detected in the iodine—conta in ing solution 15

seconds after contaminat ion , this was evIdence for an immediate concentration of

free iodine tha t was sufficient to destro y the b acteria. When bacteri a were 
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cultured from the antiseptic agent solution 15 seconds after Inocu lation but

we re not present 30 seconds a f t e r  inoculat ion , this  suggested that the

In i t Ia l  concent ra t ion of iod i ne was not adequate to e l im ina te  a l l  v iab le

bac te r i a .  However , the absence of v i a b l e  bac te r i a  30 seconds after con-

tam i nation suggested that sufficient amounts of iod i ne we re being released over

an extended time per iod to s t e r i l i z e  the b a c t e r i a .  The germic ida l  a c t i v i t y  of

the iod ine solutions was a lso  jud ged by t he number of sequent ia l  add i t i ons  of

contaminated broth solutions that were necessary to inactivate the iodine.

Inactivation o~ iod i ne solution was considered to be present if viable

bacteria were cultured from the iodine—containing solution.

The free iodine concentrat ion of iodophors was an Important determ i nant of

its antibacterial activity. Iodop hor solutions w ith a hi gh le vel of f r ee

iodine rap idl y eliminated viable bacteria . I,n contr ast , lodo phors with low

lev els of free iodine exhibited a slower rate of bacterial kil l  but displayed

prolonged antibacterial activity due to the slow release of free iodine from

th e lodop hor. PVP lodop hor , without sod i um iod ide , d i sp iayin g~ h i gh l eve l s  of

free iodine rap i dl y eliminated bacteria even after the addition of twenty a l l —

quots of the c~ ntam fnated pepto ne broth. (Table i). PVP l odophors containing

sod i um iodide fa il ed to sterilize the ~irst addition of contam i nated peptone

broth at eithe :r 15 or 30 seconds. Betad ine effectivel y sterilized bacteria

30 seconds after inoculation but failed to achieve a complete kil l  within 15

se conds .

Pluronic F—68 iodophor containing 1 per cent sod i um iodide rap idly ster—

iliz e d each of more than twenty aliquots of broth added sequentiall y. Add i-

tion of larger amounts of sodium iodide (10 per cent) severely limited its

ge rm icidal capacity. Pl uron i c F-68 lodop hors containing high concentrations of

sod i um iodide did not sterili ze any of the a l iquo ts of sequen tially added

contaminated broth.

- -~~~~ -~~~~~~~~~-. -- ---. -~~~~~~~~~~~~~~~~~~~ -~~~-- --— ~~~~-— ~~~ -.—-~~~~~~~~~-- -~~~~~~~~~~~~~ -. -



r - —--.-—

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

..——-—--

~

------- - — - - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~-

11

As expected , the aqueous Iod ine solutions and the tincture of iodine

rap idly eliminated bacter ia. It was interesting to note , however , tha t they

l i k e  the i odopho rs , resisted inactivation of sequentIal addition of al iquots of

contaminated broth . Ide n tI fication of the iodine—containing solution with the

most pronounced a n t i s e p t i c  activity was facil i t ated by increasing the content

of protein In the pheno l coefficient broth emp loyed In the germicidal capacity

tes t .  Ut i l i z i n g  th i s  en r iched medium the a n t i s e p t i c  a c t i v i t y  of so lu t ion of

aqueous iodine and tincture of iodine , a Pluron ic F-68 iodopho r , was measured .

When chal lenged w i t h  the enriched broth and bacter ia , t he noncomp lex ed iod ine

solutions lost the ir act iv ity after thirteen sequential additions (Table II) . The

germicidal capac i ty of the Pluronic F— 68 iodopho r was apparent beyond the twen-

tieth addition of an a l iquo t of contaminated broth. These results ind icated

tha t l odophors ha ve p rolong ed germicidal acti’Vlty .

The pH of the [odop hor so lu t ion  was an important determinant  of  i t s

antibacterial activity . (Table III). When the pH of the solut ion was 2.1 ,

the lodopho r exhibited a greater degree of activity than did the iodop ho rs with

a pH of 4.0 or 7.0. The abil i t y  of Pluronic F-68 Todophors with a low level

of free iod ine (0.3 ppm) to sterilize bacterial contamination within 30 seconds

was apparent only when the solution ha~ a low pH. Likewise , only the PVP

iodopho r with ~ pH of 2.1 was able to sterilize the additions of bacteria with-

in 15 seconds.

Rate of Bacterial K i l l  of Iod !ne—Con taini n o Solutions (in vi troj . In

noncomp l exed Iodine solut ions , like aqueous iodine and tincture of iodine , a l l

the iodIne was free with i mmediat e antibacterial activity. When a large vo l ume

(0.5 ml) of eithe r aqueous or tincture of iodine was added to broth containing

6 x 10 10 E c o i l , all th e bacteria were kIlled within 20 seconds. i f  a smaller

— 
— — 

~~
- -

~~ 
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vo lume (0.2m 1) of the noncomp lexed iodine was added to a similar leve l of

inocu lum in broth , t he b a c t e r i a l  coun t was immediatel y reduced to IO~ within

30 seconds. After this time interva l , the bacterial count of the solution

rema ined e s s e n t i a l l y unc hanged . Th is  p e r s i s t e n t  leve l of b a c t e r i a  ind ica ted

tha t the antiseptic activity of these solutions lasted short periods of

tim e.

The speed with which the Pluron ic F-68 lodopho r killed bacteria was

si gnifi cantl y less than that for the noncomp i exed iodine solutions. Larger

vo l umes (0.5nil) of Pluronic F-68 iodopho r killed all the bacteria in the

broth within 90 seconds as compared with 15 seconds for a similar vo l ume of the

noncomp lexed Iodine solutions . However , the capacity of small vo l umes (0.2 m l)

of Pluronic F—68 lodopho r to sterilize bacteria was superior to that of similar

amounts of either aqueous iodine or tln cture ,of iodine. W ith i n 2 minutes ,

all bacteria were killed after treatment with this quantity o~ Pluronic F-68

fodophor. It is i mportant to reiterate that a similar vo l ume of the non—

comp l exed iodine solutions failed to sterilize the contaminated broth.

Antiseptic Activity of Iod ine—Con t a in in o So lutions (In vivo ). The non—

comp i exed iodine—containing solutions provided some degree of protection of

the wounds from subsequent contamination for a short time interva l (30 minutes).

It Is 1mporta r~t to note that these solutions never comp letel y eradicated the

inocu lum that was added to the standardized experimental wound . Low l evels

of viable bacteria were recovered from the wounds pretreated with either aqueous

iodine or tincture of iodIne. When tha wound was contaminated 60 to 120 m m —

utes after treatment with these antiseptic solutions , no reduction in the

leve l of bacteria was appa rent.

The superiority of the Pluro n i c F-68 iodop hor as compared with these 

~~~~~-~~~ - - -
~~~~

-
~~~~~~~~~~~—
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no ncomp lexed iod i ne-containing solutions was readil y appa rent. Treatment of

the wound with this lodopho r buffered to pH 2 provided comp lete protection

aga ins t  subsequent contaminat ion for 3 hours . Bacteria added to the wound

during this time interva l we re killed by the iodop hor . Germicidal activity

of the iod op hor was apparent for at least another 60 minutes after this time ,

but it was not sufficient to ki l l  all the contaminants. As the pH of the

sol ution of Pluronic F—68 iodop hor was increased , its therapeutic effective-

ness was diminished . The Betadine lodopho r provided mo re protection than did

the no ncomp lexed iodine—containing solution but si gnificantly less than did

the Pluronic F-68 iodophors .

The success of the Pluronic F-68 iodopho r was also apparent on skin sub-

jected to subsequent contami nation with hi gh doses of E col T (1.4 x

Pretreatment with Pluronic F-68 iodop hor protected the skin f~om a challenge of

surface contamination for at least 5 hours. Thirty minutes after contamination

with E coli during this time interva l , quantit ative cultures of the skin

failed to identif y viable bacteria . Tincture of iodine provided minima l

pro tection against subsequent skin contamination. This noncomp lexed iodine

sol ution was rap idl y inactivated by ski- n and did not exhibit prolonged anti-

bacterial acti~vity.

COMMENTS

Iod i ne has long been regarded as an excellent germicide , but s its use

has been restricted by its physica l propert ies: i t s  low solubi l ity in wate r

(0.355 gm/L) and its h I gh vol a t i l i t y .  The vapors generated f rom iodine solu-

tions are irritat I ng and sensitizing to eyes , mucosa , and skin, Increasing

the so l ubi l ity of iodine with the use of alcoholic so l vents or the add i ti on 

- - - - ~~~~~ -~~~~
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of sod i um iod i ne does not reduce the toxic side effects of volatile ibd ine .

The development of iodop hors has eliminated the problems encountered in

us i n g  noncomp le xed solutions. Iodop hors are aqueous solutions of iodine in

whIch the iodine has been solubil i zed and stabilized with a surface-active

agent or prote in. The iodine In an iodop hor Is In dynamic eq u i l i b r i u m  between

a “comp l exed” form and a “free form . - It Is the amount of iodine in the free

fo rm that gove rns the activity o the iodopho r . H i g h l y comp l exed iodophors ,

which have very l i t t l e  free iodine , are ve ry stable , do not stain , have no

odo r , and are non i rr i tat ing to huma n tissue . However , this low level of

free iodine is s t i l l  hi gh l y effective in k i l l i n g  bacter ia.

The ab i l i ty o~ T odop hors to maintain prolonged activity is a result of

slow release of iodine f rom a carrier . Iodine release occurs onl y when the

stead y state leve l of free iod i ne is dep leted by reaction with a contaminati n g

substance. Therefore , the pa rameters that regulate the equilibrium value of free

• iodine should be pa ramount in the fo rmul ation of an i odophor . The parameters

of greatest i mportance are concentration of surfactant , amount of iodine ,

conten t of iodide , and pH of the fina l solution .

The concentration of iod i ne in solution is directl y proportional to the

amoun t of the surfactant. As surfac:a~i t is added to the solution , it comb i nes

with the iod 1r~e to form a soluble comp lex. The pH of the solution affect both

the bactericidal properties of the iodop hor and its s tabil i ty. Iodin e reacts

w ith wa ter to produce various hydrated species depend Ing on the pH of the

sol ution (11 ,12) . I n high l y acidic solutions al l  of the iodine is titra t able

as elemental iodine (12) which has thu highest biocida i a-~:ti v i t y .  The high

content o~ elemental iodine in iodopho r wit h  a low pH account s for their

success in s t e r i l i z i n g  contaminated tissue as compared with the iodop ho rs with
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a hi gher pH. Lowering the pH also stabilizes the system and reduces the loss

or active iod i ne . As the pH increases the Iod ine changes Into hypoiodous acid

(HIO) , hypoiod ate (10—), and finally to iodate ion (10 3— ) whe n the solution

becomes bas i c .  The a n t i s e p t i c  activity of the basic iodine solutions is

considerab l y less than that of the acidic solutions containing elemental

iod i ne.

One of the most i mportant pa rameters in the fo rmulation of an i odopho r

Is the content of iodide In the solution. Once Iodine has been solubili s ed ,

iodide regu la tes  the e q u i l i b r i u m  va l ue of free iod ine. Small additions of

iodide to the i odophor increase the comp l exation of iodine , reducin c the leve l

of free iodine . lodophors with low levels of free iodine have prolonged

germic idal activit y and increased stabil i ty.

The speed with which iodop hor and noncomp lexed iodine solutions k i l l

bacteria Is considerabl y different. In an aqueous iodine solution all of the

iodine Is in the free fo rm and is available for instantaneous reaction with both

bacteria and other pro teinaceou s material. If the iodine solution does not

eliminate all of the bacteria wi t h i n  thes
’
>’~jrst few seconds , no further

si gnificant b a cterial kil l  w i l l  be observed since there is no res idual

activity. in contrast , iodophor s have a slowe r but sustained rate of action

that allows for more efficient germicida l activity . The leve l of free io dine

in an lodophor: can easIl y be Inc reased by dil u t i o n . The addition of saline

or water to an iodop hor results in an iodopho r solution that can ki l l  bacteria

rapd i i y .

The pha rmacod ynamics of lodophor s make them especiall y valuab le as skin

wound cleansers in surgery . They afford im med ia te  s t e r i  I i zat ion of the ti s sue

and p ro l o n g ed protection against subsequent b acterial contaminat ion . The non-

cocnp lexed iodine solutio ns are inactivate d rap i d l y during their app l i c a t i o n .  

-~~~~~~-~~~~~~~~- -- - ~~~~~~
-
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Altho ugh they afford rapid bacterial k i l l , th ey do not protect the wound

against further contam ination.

In develop i ng an lodopho r , the selection of the protein or surfactant to

sol ubilize the Iodine is c r i t i c a l .  For use in human subjects , Pluronic F—68

has many dist i nct advantages. Long—term toxicity studies have indicated

tha t Pluron ic F—68 is safe (13). The successfu l use of this polyol as an

intravenously administered emulsif y ing agent In human subjects lends further

support to its use (14). When It comp lexes w ith iodine , th e chemical

Structure of Pluronic F-68 appears to be uncharced since the reaction Is

easi ly r e v e r s i b l e .  In con t ras t , a s i gn i f i c a n t  po r t ion  of the PVP b inds

Irrevers ibl y to iod ine. P’JP reacts with iodine to fo rm carbon—iodine bond s

and iodide. The exact nature and toxicit y of this new pol ymeric compound (s)

have not been determ i ned .

PVP has had other applications in c l i n i c -al medicine. Germa n experience

at the Russian front in World War II e stablished the effectiveness of PVP

In t he t rea tment  of shock. The demons t ra t i o n  that 35 to 49 per cent of the

PVP was re tained indefinite l y in the bod y after intravenous injection stlm u—

lated stud y of the deleterious effects associated with this sto rage phenomenon.

Nume rous cl i n i c a l  reports (15—22) have noted the fo rmat ion of cutaneous -

lesions after the administration of PVP . A lthough the lesions are not pre-

cancerous , th€~y do result in considerable cosm etic defo rmity.

The cutaneous storage phenomenon encountered after the systemic admin-

is t ratio rt of PVP reflects the kidne ys ’ i n a b i l i t y  to excrete molecular weight

f ractions of PVP greater than 40,000 daltons. Since the commercially avail-

able PVP iodophors contain mole cular weight fractions • crea ter than 40,000, it

would seem prudent to restrict their use to intact skin. 

~~.----—~~~~~~- - _ _  -- 
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I N T R O D U C T I O N

The Food and Drug Administration has recommended the Kirby- Bau e r technique

as the standardized pro edure for the determ i nation of antimicrobial disc

suscep t i b i l i t y .3 Th is  is a s tandard ized  technique in wh ich  v a r i a b l e s  l i ke

cul ture med i um , inoculum type and size , and concentration and stability of the

antibiotic are well controlled .
1 

Genera l acceptance of the in vit ro suscep-

t i b i l i t y  test has been aided by its si mp l ic i t y .  Howeve r , the prolonged time

i n te rva l (38 to 52 hours) between receiving the specimen for culture and

comp letion of the antibiotic disc sensi ti vit y test has remained a di s tinct

disadvantage. Physicians are often frustrated by the delay since it post-

pones treatment with the appropriate antimicrobial d rug , leading in some

cases to increased mortality and mo rb i dity.

In these cli n i c a l  situations , reliable results are needed mo re quickl y

than can be obtain ed with this conventiona l technique . In order to circum-

vent this de lay, physicians have advocated an ’t ibio t i c  sensitivity testing

directl y on the clinica l specimen. When such a rap id test is emp loy ed ,

many of those variab les are no longer controlled . The Inoculum size may

va ry considerabl y .  The presence of mixed cultures may be a li m i t i n g  factor .

The binding of the a ntibiotic to the tissue may lead to an erroneous inter-

pretation of the resu lts. A reductio n in the incubation time requireme nt s

in the standard Ki rb y—Ba uer test may a1~ o Influence the re ia b i l it y  of  the

res u lts. The J~u rpose of this stud y was to anal yze cr i t i c a l l y th e i n f ~ uence

of each of these determinants on the re l i a b i l i t y  of ant i biotic se n s i t i vity

tests perfo rmed directly on cl i n i c a l  specimens . This stud y demo nstrates tha t

the bacterial suscept i b i l i t i es to antibiotics as de t e -m ined by the m od I fied

test correlated extremely well with those obta ned by the standard K irb y-3euI2 r
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method . The potent ial  of t h i s  modified rap id method as a guide to in vivo

t herapy is  d i s c u s s e d .

MATERIALS AND METHODS

Experimental S tudy

Bacteria--The organisms employed in this stud y were obtained from the

American Type Culture Collection. Strains of Escherich ia coil and Staphy

lococcus aureus were selected because they are commo n pathogens accounting

for burn wound sepsis and soft tissue in fections. The bacteria were ma in-

tained on t ryptose blood agar plates . Prior to each exper iment the bacteria

we re transferred by sterile loop into 25 ml of trypt icase soy broth. The

b roth culture was ag itated at 37
0 

C for ei ghteen hours befo re the bacteria

were sed imented by centrifugat ion. After decanting the broth superna te , the

bacterial sediment was washed twice in 0.9% saline and the fina l sediment

resLepended in 2.0 m l of 0.9% saline. The number of organ isms in the sus-

pension was qu ant itated by routine serial dilution and p lating techniques.

Antibiotic Susceptibility Test-— The test procedure was essentiall y that

of th e Klr b y—Bauer technique . Test plates were prepared by f i l l i n g  ster i le

disposab le pe t ri dishes (150 mm) with Mue ll er-H inton agar to a depth of 5 mm.

These p lates were enclosed in p lastic bags and sto red in the refri gerator

unt il used . At  the t ime of testing , a~ b acte r ia l suspension of known concen-

tration was s~~reaked onto the surface of the agar in three directions usin g

sterHe cotton swabs . After a three minute de lay, antibiotic discs were ap—

plied to the agar surface with an automatic dispenser and pressed to the

sur face w i t h  s t e r i l e  fo rceps .  Dur ing  each t e s t , the foflowinc e leven  a n t i —

microbial agents were used : amp i c i l l i n , b a citr a ci n , ch i oramph enico l , c-~nta-

m y c i n , ceph alothi n , rieomycin , p e n i c i l l i n  G , pol ymyx in B , tetracycline ,

streptomy cin and co1~ myci n . After incubation at 370 
C for ei ghteen hours ,
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the zone of Inh i bit Ion around each d i5c was measured with a ruler on the

undersurface ot the petri di sh. The end point was taken as the complete

i nh ib i t i on  of g rowth as determined by the naked eye. The zone diameters

as recommended by t he Food and Drug Admin i s t r a t i o n  were used to in te rp re t

the susceptibility of the bacteria to ant ibiotics. The susceptibility of

the organ ism was considered to be either se n si t ive , intermediate or re-

sistant accord i ng to the size of the zone of inhibition. Six p lates were

prepared for each measurement. The influence of the followin g variables

on the interpret ation of the sensitivity of bacteria to antibiotics was

determ i ned in the next series of experiments.

I noculum Size—— Bacterial suspensions of E. co l i or S. aureu s were pre-

pared to contain lO s, 1O6, io~ ~~~~~~ or lo~ organisms/m i . Mue li er -Hin t on

p lates were streaked with the various concen t.rations of org anis m s and a

routine susceptibility test perfo rmed .

Incubat ion Time—— Plates from the test above were removed from the in-

cubator after sever hours and the zones of inhibit i o n  recorded . The p lates

we re returned to the incubator and reexamined after the standard eightee n

hours of incubation. 
-

Tissue Binding—— Bacterial suspensions were prepared as before , except

tha t the suspep sions contained 10% (w/v) homogenized tissue . The tissues

emp loyed were skin , muscle , or burn eschar . Suspensions of 10% tissue we re

ve ry viscous and p robabl y would be the max imur ri amount of tissue ever exposed

to an ant i b i o t ic test p late. The antibiotic sensitiv it y of these bacter ial

suspensions was compa red to that of bacter ial suspens ions without tissues

after a seven and ei ghteen hour incubation.

Mixed Cultures—— The effect of E. cofl on the interpretation o~ sensi- 

--~~-~~~~~~ ~~~- ~ - - - - ~~~~
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t iv i t y  of S. aureus to antibiotics was eva l uated by prepa r ing suspensions

8 . L~ 5 6 7 8 _
of 10 S. aureus wh i ch also contained 10 , 10 , 10 , 10 , or 1 0 c.. col t .

- 8
This experiment was then repeated except suspensions of 10 E. co l i were

k 5 6 7 8
prepared which also contained 10 , 10 , 10 , 10 , or 10 S. aureus. The

susceptibility of each of these bacterial suspensions to antibiotics was

reco rded by the standard Kirb y—Bauer test.

Cl i n i c a l  Stud y

Homogenized cli n i c a l  specimens of burn eschar or infected wound tissue

we re subjected to i mmediate antibiotic sensitivity testing . In addition to

the eleven antibiotics emp loyed in the experimental stud y, another se’~-en c i i n —

i ca ll y i mportant antibiotics were used : ca r b e n i c i l l i n , erythromycin , kana—

mycin , n a f c i l l i n , oxaci lli n , tobramyc in , and vancomycin. In addition , the

number of viable bacteria in the homogenate was q u a n t i ta ted by s tandard  s e r i a l

d ilut ion and p lat ing techniques. Bacteria iso~lat ed From the quan t itative mea-

surements were identified and the individua l antibiotic susceptibility o~ each

isolated organisms determined by the standard Kirb y-Bauer procedure.

RESULTS

Experimental
p

Inocu lum Size-— A heavy g rowth of organisms on the agar p late is essen—

tial to permit interpretation of the antibiotic susceptibility. A bacterial

inocu lum of 1O~ or less or~anism s resulted in non—confluent g rowth on the

p late in which the zones oi i n h i b i t i o n  are not readable. A non-confluent but

6
readable g rowth pattern was encountered w i th 10 and 10 organisms . Jetermin-

ation of antib i o t i c  s e n s i t i v i t i e s  at this leve l is Fo r tuitous , since 10
6

or more b a c t e r i a  resu l t  in c l i n i c a l l y s i g n i f i c a n t  wound i n t e c t i o n  and burn
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wound sep sis w hil e srn all e r doses of b a c ter ia are c l i n i c a l l y insi gnificant.

When the inocu lum delivered to the agar p late was JO or greater , a confluent

lawn of bacteria was readil y apparent In which antibiotic sensit i vity test ing

was eas i ly accomp l i shed .

When the zones we re readable , inoculum size had an insi gnificant effect

on the i n t e r p r e t at i o n  o an ti biotic susceptib i lit y. A fter an ei ghteen hour

incubat ion , onl y small differences in zones of inhibition were observed when

the inoculum was varied from 10
6 

to organisms/mi . The zone of inhibition

was frequentl y inversel y proportiona l to the Ino culum size. Incre asing the in—

ocu ium s i z e  u s u a l l y resulted in a sli ght decrease in the diame ter of the

zone of inhibition. The resultant reduct ion in zone s i z e  d id  not a f F e c t  the

interpretation of antibiotic susceptibility in any o f  the 26L~ tes ts perfo rmed

w i th E. co l i and in onl y one of 2614 tests conduct ed with S. aureus.

Incubation Time-- With E. coli and S. ab reus , small differences in zone

size were observed when the results were reco rded after seven hours as compared

to those measured fol lowing an ei ghteen hour incubation. These changes in

zone size on agar plates containing E. c oli Influenced the interpr etation o~

resu lts in 11+ or 264 tests. An i n i t i a l  reading of intermed i ate at seven hours

was changed to resis tan t after an add iti ona l eleven hours of incubation . These

changes were restricted to the ch ior arn~henico l discs when the i noculum was 10
6

and ~~ and in~,olv ed onl y a 2 mm alteration in the diameter of inh i b i t  ion. Ar .

i n i t i a l  reading of ~ens it iv e at seven hours which was subsequentl y read as inter-

mediate accounted for three of the changes in the tests involving S. aureus.

Five other changes occurred with S. aureus -.-~h ic h f-~ l 1 into the intermed iat e

range at  seven hours , chang ing to r~ s i st ~~nt a t  e I g ht e e n  hours. I t is important

- -—-—~~~~ ~6$=.~$t4._~ ~~
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to note that  read inSs of sensitive neve r changed to resistant as a resul t of

altering the length of incubat ion.

Tissue B in d i n q - — The presence oF tissue (10%) in the homogenate fluid

did rio t si gnificantly change the in terpretation of antibiotic susceptib i lity

of either E. co l i or S. aureus. Interpretat ion of the antibiotic sensitivit y

test was altered in onl y four of 46L4 tests as a result of the presence of

tissue in the bacterial suspens ion. In these exceptions , the reading was

changed from sens it ive to Intermediate in specimens containing eschar.

Mixed Cultures—- In mixed cu ltures , the interpretation of antibiotic

susceptibility was related to the number of bacteria in the culture . When

or less E. coli were added to a suspens ion containing 10 S. aureus , the

determ i nation of antibiotic sensitivit i es of the S. aureu s was easil y mad and

unchanged from tha t encountered with S. aureu s alone. These level s of E. coi l

resulted in non—confluent g rowth that did not mask the i n h F b i t ~ion zones in

S. aureus. When IO~ or 10 E. coIl were present In the S. aureus susDens ion ,

both organisms grew to produce confluent lawns, In this case , the d iam eter

of the inh i b i t i o n  zone was determ i ned by the least sensitive organis m . This

i s exe m p l i f I ed by the antibiotic s u s c e p t i b i l I t y  to te:r a cyc lin e of nixed

cultures of large nur~bers (10
8
) of both E. co l i and S. aureu s . In these

m ix ed cultures , the clear zone of inhibi t i o n  around the tetracycline disc

measured 6mm ~omparab le to that in a culture of only E. co l i. This size of

the zone of irhibi tlon due to tetracycline on p lates with E. col was con—

s i d era b l y smaller than that (28 mm) encountered on p~ ates subjected to lar g e

numbers of S. aureus.

In these mixed culture experiments , we observed an interesting g rowth

patte rn that provided insight in t o the antibiotic sen si tivity of the m i xtur e
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of organisms g row i ng on agar p lates. This g rowth pattern occurred when there

were d ramatic differences In the sizes of the zones of in h i b i t i o n  of the mix-

ture of organisms as in the above case. A complete zone of i n hibition was

r e a d i l y apparent , indicating the antibiotic susceptibility of the most

resistant organism. In addit i on , a larger incomplete zone of inhibition was

noted around the clear zone , denoting the ant ibiotic susceptibility of the

more sensitive organ ism. The size of this incomp lete zone of inhibition was

compa rable to that of the clear zone noted in the tests perfo rmed on the

more sensitive Organism. The organism isolated from the i ncomp l ete zone of

inhibition was the most resistant organ ism. Sim i l a r  results were obtained when

8 .a suspension of 10 E. colt was mixed w i t h  va rying numbers of S. aureu s

(10
k 

to 1 0
8
). A gain , the clear zone of inhibition was determined by the least

sensitive or ganism.

C l i n i c a l  
-

Dur ing a seven month per iod we conducte d a prelimin ar y stud y to compa re

the results of the direct antibiotic susceptibility test of cli n i c a l  spec-

imens with that obtained from indiv i dua l isolates of the same specimen. During
- 

this interva l , 80 cli n i c a l  specimens were obtained which contained at least l0~

organisms/gm of tissue . 865 antibiotic tests were perfo rmed on the Isolated
p

colonies using the standard K !rb y—Bauer procedure . An agreement between these

two tests was ~ncountered in 699 (81%) of the cases. In J9~ of the tests in

wh ich there was disagreement , the combination of one organism w i th a zone si ze

interpreted as sensitive with another org anism whose ::one size was considered

r e s i s t a n t  r esu l t ed  in a zone s ize I n t e rp re te d  as r e s i s t a n t ,  In no cases did

we Find a m ixture of organisms y ielding a res i s t ant interpretation -.~nen the same

indi v idua l organisms gave a zone which was jud ged to be sc n s i t lv e . 
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D I S C U S S  I O N

This prelimina ry stud y demonstrated the feasibility of direc t antibiotic

testing of cl i n i c a l  specimens. The major advantage gained by th I s modified

technique was the ab i l i t y  to determine antibiotic su scep tib iU ties of the

pathogen within seven hours after submission of the samp l e .  The m o d i f i c a t i o n

employed did not alter most of the standards recommended by the Food and Drug

Administration , since there was no inclusIve change in the medium , agar depth

or antibiot i c sensi ti v i ty d i sc.

The changes in the Kirb y—Bauer test necess i tated by using the c l i n i c a l

specinien rather than the isolated bacteria did not significantl y alter the

Interpretat ion of the antibiotIc susce ptibil i ty . When a c l i n i c a l l y  si g n i f i —

6 9
cant number of bacteria (10 -10 ) were present in the c l i n i c a l  spec imen ,

variations in the i noculum sIze did not appreciab ly change the results of the

antibiotic susceptibility tests. Reduc i ng t~~ incubatio n requ i rem ent

for the standard Kirb y-Bauer antibiotic susceptibility test from ei ghte en to

seven hours a lso d id  not s i g n i f i c a n t l y  l i m i t  the accuracy  o f  the test. The

feasibili t y of reco rding the result s of antibiotic susceptibi l ity tests after

this short time interva l has also been demonstrated in separate studies bt-

4 2
Liberrn an and Robertson and Boyle et a) using isolated bacterial cultures.

As expe cte d , the variables most d~ f fi cu l t to standardize in the direct

7

test was the h~ terogenous ino culum containing large numbers (JO ) of different
o rganisms . in these cases , a zone of inhibition interpreted as sensitive with

one organism was masked by the presence of the con fiu en t g rowth of an organ i sm

whose zone of in h i b i t  ion was considered res is tant. ‘~e did not encount er the

circumstance i n . ’shich a number of sensi t ive soec ies ~ e v ~~ reactions inter preted

as res i s t a n t  when t es ted  in c o m b i n a t i o n . 3 However , even in this case it is

_ _ _  ~~-~~~~~~~- --- - --- - --- 
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possible that mixed culture sensitivities may provide the most valid in fo rmatio n

In mixed infections since they most closel y simulate the real cl i n i c a l  situat ion . 5

The me r i t o f  direct antibiotic sensitivIty test in g of clinica l spec i mens must

awair furthe r experimental and clinica l  studies in whic h the results of the

proposed sensitivity are shown to have some correspondence with the cl i n i c a l

s i tua t ion .

SUMMAR Y

The purpose of this stud y was to develop a more rap id antibiotic sensit i vity

test of the pathogens in soft tissue infections and burn wound eschar. The

proposed rapid antibiotic sensitivity was perfo rmed d i rectly on the c l i n i c a l

spec i men rather than on sing le strains of bacteria isolated f rom the ti ssue .

Perfo rming the antibiotic sensitivity tests directl y on the tissue sample allows

the physician to receive the test results seven hours after receivin g the spec-

imen rather than 38-52 hours later , a time delay encountered with the con-

ventiona l technique . This modification emp loyed did not alter most of the

standards recommended by the Food and Drug Administration since there was no

inclusive change in the med i um , agar depth or the antibiotic sensitivity disc.

The changes in the Kirby—Bauer test necessi tated by using the c l i n i c a l

specimen d id not a l t e r  s i gn i f i c a n t l y  the in te rp re ta t i on  of the a n t i b i o t i c

susceptibility. When cli n i c a l l y  si gn i ficant numbers of bacteria (lO 6~ l O 9)

were present , ~,ariat ions in the i noculum size d i d not app reciabl y change the

results of the antibiotic susceptibilit y tests. Reducing the incubation re—

quirement for the s tandard Ki r b y— Ba ue r  a n t i b i o t i c  s u s c e p t i b i l i t y  t e s t  to seven

hours also did not si gnificantl y l i m i t  the accuracy of the test.
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As expected , the variable most d i f f i c u l t  to standardize was the heteno-

genous inocula containing large numbers (lO ~) of dif ferent organ isms . A

zone of inhi b i t i o n  interpreted as sensitive with one organism was o c c a s i o n a l l y

mask ed by the presence of the confluen t g rowth of an organism whose zone

of inhibition was considered resistant. However , even in this case , i t is

possible that mixed culture se n s i t i v i t i e s  may provide the most valid infor-

mation in mixed infections , since they more closel y simulate the real

c l i n i c a l  situation .

p
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INTRODUCTION

Immediate trea tment of heavil y contam i nated wounds with e ithe r

topical or systemic ant ibiot ics can reduce the wound infection rate.

When antibiotic treatment is delayed for three or more hours , the bene-

fits of antibiotic treatment are considerabl y l ess .  This develop ing

resistance to antimicrobial therapy has been correlated with an ex—

agerated Inflammatory response of the open wound . The vessels within

these wounds exhibit marked increase in vascular permeability. A

protein rich fluid extravasates into the wound formin g a fib -ino u s

coagulurn . As the coagulum accumulates , the contam i nated wound becomes

refractory to antibiotic treatment. It appears tha~the fibrinous

coagulum surrounds the bacteria preventing them from contacting toe

top icall y or systemic ally administered ent lbiot i cs.

Hydr o l ysis of this surface coagulum by proteo lyt ic enzymes con-

s i d er ab l y prolongs the effective period of antibiotic act ion. The

ef f i c a c y  of proteolytic enzymes as adjuncts to antibiotic treatment

is directl y related to its fibrino l yt i c activity. Top ical treatment

with an enzyme that has substantial fibr i no l ytic activity can enhance

the wound ’s susceptibility to antjbiotic treatment. This benefit of

pro teol yt ic enzymes must be wei ghed against any possible side effects.

As a result of their fibr inolytic activity , the enzymes may Interfere

with wound healing or damage the host or local tissue defenses.

The validity of these hypotheses are examined In these experimental

studies .

~
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MATER IALS AND METHODS

Enz’~me

A Bac i l l us  sub t i l u s  protease was the proteo lyt lc enzyme emp loyed

in these exper iments.  This enzyme was supp l ied as a lyophi l i zed

powd er by Flin t Labo ratories , (Norton Grove , I l l i nois). In previou s

s tudi es , the protease exhibited considerable fibr ino l yt ic activity

and proved to be an effective adjunct to delayed antibiotic treatment

of contaminated wounds. Before each experiment , the enzyme was solu—

b ili zed In 0.9% sodium chloride to the des i red concentration and

filtered through a 0.22 u M i l l i por e R filter to remove bacterial con-

- 
. tarninants.

Standard Anima l Model

Male , Hartley guinea p i gs weIghing 300-350 crams were anesthetized

by an intr aperitonea l irtject ion of sod i um pentobarbital. ~Th e backs

of each anima l was cli pp ed , dep ilated with Surgex r
, wash ed tho roug hl y

wi th wa ter , and swabbed wi:th 70% alcohol. Two , standard , paravertebra l

Incisions were made in each animal. The wounds measuring 3 cm in length

extended down throug h the p annicu lus carnosus . Bleed i ng was stopped

by st erile gauze pressure.
p

Wound Hea l ing -

The purpose of this first experiment was to examine the influence

of top ical enzyme trea tment on wound healing , in 12 animals , 0.1 m l

of the enzurn e (12,000 pc) was app lied top icall y to one wound in each

animal. The concentration of enzyme emp loyed in thece studies is suf-

fi c ient to enhance the effectiveness of delayed antibi o t i c  treat me nt.

_ _ _  
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The contrala tera l wound was subjected to a simIlar volum e of 0.9%

sal ine serving as the cont ro l .  Ten minutes later all wounds were

closed with micropo rous tape . Fourteen days post-wound i ng , the

breaking strength of each wound was assessed . The breaking strength

of a wound is a measure of the force required to disrupt a wound with-

out regard to Its dimensions.

This measuremen t was Initiated by making two pa rallel incisions

(3 cm in length) 6 mm from each wound . Each incision extended throug h

the pannicu lus carnosus . Two clips were then attached to the divided

skin edges adjacent to the wound at a distance of 3 mm from the healing

wound. One clip remained stationa ry while the other cli p was attached

to a continuous drive mo tor with a screw gear advance by means of a

strain gauge . This latter device was connected to a Hewlitt-Packard

recorder through an ampl i fier system. A~ the drive motor pulled the

c l i ps  at a rate of 8 mm/mm ., the strain gauge reco rder syst em provided

a measur e of the app lied tension (gram—force) necessary to disrup t

the healing wound .

Resistance to Infection

The purpos e of this phas e of ~ the stud y was to determ ine toe effect

of top 1c~ l pro teo l ytic enzyme treatment on the tissue ’s resistance

to infection. In this experiment , 28 g u i n e a  p igs  wi th s tandard i z ed

wounds were included in th i s stud y .  One wound in each anima l was

subjected to a top ical treatment with 0.1 ml of 0.9% saline serv ing

as the control. Ten minutes later , each wound was blotted wit h a

sterile gauze sponge . The animals were then subdivided into two treatment
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groups. In one group , both wounds In each anima l were contamtn~ -€ z--~ b~

3.3 x 10 Staphylococcus aureus In 0.1 ml of 0.9% sa l i ne .  The wound s

in the other group of animals were subjected to a larger bacterial

6

I noculum (1.1 x 10 ) . Five minu tes after contamination , the edges

of the wounds we re approxima ted by tape .

On the fou r th pos topera t iv e day , the Inflamma tory responses of

the wounds we re measured . The wi dth of the indurated ma rgin of each

wound was reco rded In mm . Each wound was opened and examined for

ev id en ce of pur u len t d i s cha rge . A relative estimate of the number

of bacteria in each wound was made. The entire length of each wound

was swabbed three times with a cot ton—ti pped app l i c a tor af te r whi ch

time the contaminated swab was i mmersed into 5 ml of 0.9% saline .

The tube containing the bacterial suspension was then agitated on a

r . *

Vortex mtxe r for one minute. The number of bacteria in the suspens ion

was t hen quant i ta ted by stand ard s e r i a l  d i l ut io n tech n i c s .

Leukocvte Phagocytosis and Intracellular K i l l

TraumatIc injury and subsequent bacterial contamination eli c i t  an

Inflammato ry response against infection. Alteration in the microvas-

culature occurs that allows extra~~ sa t ion of phagocytic -cells into

the tissue . These cells possess the capacity to ingest and kill  In-

vad i ng bacteria . Once the microorga nism is phagocyt ized , i t Is no rmally

des troyed by I nt rac e l l u l a r  d i ges tion. Microbial death does not always

follow phagocy tosis , howeve r , and certain bacteria w i l l  survive w i thin

the leukocyte for prolon ged periods of time . This phas e of the stud y

I
— _ _ _ -________,__~ ---.----,.- _~
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examined the effect of the proteolyt ic enzyme on the ability of the

leukocyte to phagocyt lze and k i l l  bacter ia .

In vi tro measurement of leukocyte function was patterned after

the tec h n i c  descr ibed  by Mand e l . ’ Fresh venous blood collect ed In

heparin ized tubes was combined with an equa l vo l ume of 3% Dextran and

p laced at a 45
0 

ang le for one hour in order to sediment the erythro—

cytes . The supernatant containing plasma , leukocytes , and p latelets

was centrifuged at 280 g for 12 m inutes and the resultin g button of

whi te  blood c e l l s  ( lO s) was resuspended in 3.4 m l of Hank’ s balanced

sa l t  so lu t ion and 0.4 ml of au to logo us se r um . The f re sh au tologo us

serum contains the opsonin s and comp l ement system that facilitates phag—

ocytos is of foreig n particles. To one half of the white cell suspen—

si o n s  was add ed 14 mg (12 ,000 PC units) of enzyme powder. The remaining

cell suspensions were not subjected to the enzyme and ser~’ed as controls.

All tubes received 0.2 ml of a bacterial suspension (lO ~) of S. aureus

(ATCC 12 ,600). The tubes we re then rotated at 12 rpm and maintained

at 370 c~
Upon bac terial inoculatio n and at one and two hours post inocula tion ,

a meas u red a i l quot (0.1 ml ) of flu1l d was removed from both test and

con tro l sapip les. This al lquo t was diluted in sterile water (9.9 ml)

and vortexed for 2 minutes in order to lyse the leukocytes . The number

of bacteria within the water represents both the free bacteria as well

as those phagocyt ized but viable within the cells. Knowled ge of the

H total number of bact-~ria ove r time revealed the phagocyt i : bact eri cida l

_ _  _ _ _
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capac i ty of the wh i te cells.

A second al i q uot (0.5 ml ) was also removed upon i noculat ion and

at one and two hours post Inocu lation and diluted in sterile saline

(1~.5 m J) . Through different ial cent r lfugat ion (280 g), the free

bacteria (supernatant) were separated from the leukocytes (sed i ment ).

Af ter samp ling the sediment and supernatant , the leukocytes in the

sediment were then lysed in sterile water In order to release any

phagocytized yet viable bacteria. The number of free extrace llul ar

and intracellular bacteria was measured using standard serial dilution

and plating technique . Quantitatlon of ext race llular bacteria (super-

na tant) ove r time provides a measure of phagocytosis , while quanti-

tation of intracellular bacteria (sed i ment) provides an index of the

actua l bactericid al action within the le,ukocyte.

RES ULTS

Topi ca l treatment of t i e wound with a proteoiytlc enzyme had no

demonstrable effect on wound healing (Fig. I). The breaking strength

of the wound subjected to enzyme treatment did rot differ s i gnificantly

from that of the contro l wounds. Sim i larly, sho rt torm top L:ai

enzyme t reatment had no damaging ~ffec t on the wound ’s resistance to

Infect Ion~. Wounds pretreated with enzymes we re able to res ist the

development of infection to a degree similar to tha t of the contro l

wounds pretreated w ith sal m e  (Fig. 2). Enzyme treatment was asso-

ciated with a significantl y wider ind urated wound ro~ rcln than th~

controls. For the animals receiving 3 .3 x IO~ bacteria , an eieva t~ d

bac terial count was associated with the w~dencd ndur oted marg ins o~

~

- - -  - -
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the enzyme t reated wounds. For wounds receiving a hig her leve l of

I noculum , the bacterial counts of the saline and enzyme treated wounds

wer e remarkabl y s i m i l a r .

These inocu o us e f fec ts  of enzyme on the wounds in  vi t ro a re in

sha rp contrast to their deleterious influence on white blood cell

function in vivo. In the presence of the enzyme , ieukocytes were not

able to phagocyt ize bac te r ia .  As a result of this rema rkable inhibition

of bacter ial i ngestion , the leukocyte had no significantl y bac te r i c i d a l

cap i c i t y . (F~~ 3) -

COMMENTS

In v ivo ,  top i ca l enzyme treatment for short perio ds of time appears

to be Inocuous . The presence of the enzyme in the wound did not Inter-

fere with either wound healing or wound Fesistance to infection. The

only side effect encountered was a widened indurated marg i n w h i c h  i n

one set of animals was correlated with an elevated L~acte ri a i count.

In vitro studies suggest that prolonged contact with the enzyme

may have some potential deleterious effects. In the presence of the

enzyme for one to two hours , the leukocy te ’s ability to phagocytiz e

bac teria was not apparent. Conseq~ entl y, enzyme treated leukocytes

had no demonstrab le capacity to kill bacteria . The period of time

in which the leukocyte was exposed to theenzyme (la, vi tro) was sub—

stant i ally longer than the time of enzyme contact (10 minutes) with

the wound surface. Limiting the period of enzyme wound treatment

to this short time interva l may reduce considerably Its effect on

whi te cell function In vivo.

T ~~~~~~~~~~~~~~~~~~~~~~
--- - 
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The res u l ts of the s t ud y ind icate that short term treatment of

wounds w i t h  top i cal enzymes appears to be safe and Is accompanied by

few clinicall y sig nificant side effects. The potential benefits of

this treatment in experimental wounds as an adjunct to antibiotics

con s i d erabl y outweig hs i ts damaging effects. Its cl inical use in

patients must ~~a i t the resu l ts of c a r e f u l l y con tro l l e d  c l i n i c a l t r i a l s

in which the efficacy of their treatment is eva l uated .

p
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1. Mande ll , G.L.: Bac tericida l action of aerobic and anaerobic poly—
mo rphonuclear neutroph ils. infect. Immun ity 9: 337, 1974.
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RESISTANCE TO INFEC TION
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WOUND HEALING
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LEUKOCYTE FUNCTION
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I V . QUANTITATIVE A NAEROB IC MICROBIOLOGY OF BURN ESCHA R AND INFECTED
WOUNDS

A quantitative relationshi p exists between facultative bacterial

species and the occurrence of burn wound sepsis and the incidence of

wound infection. On this basis , quantitative bacteriology has been

emp loyed to predict the development of infection. The techniques em-

p loyed to measure the number of wound pathogen s have been standardized

in our laboratory . The methodology invo l ved includes wei ghing the

tissue , homogenization of the cl i n i c a l  spec i men , rapid slide measurement

of the total number of bacteria in the homogenate followed by a

viable count of the aerobic and facultative species. - Frequentl y ,  the

number of bacteria as ascertained by the rapid slide measurement

differs cons iderabl y from the viable count. This discre pancy may be

exp lained by the presence of non-v iable organisms in the L’ound or

obligate aneerobes In the specimen that succumb in the presence of

oxygen. The validity of this hypothesis can be ascert&-~ d by standard-

ized reliable and rep roducible quantitative anaerobic m Icrobiolo g ic

techniques. To th i s end , we have attempted to deve ’ope such te chn ics.

The re l i a b i l i t y  of a variety of pr~pposed techniques is being confirmed

by standard chemical and bacteriologic tests.

A. Chemica l--Duri ng a quant itative anaerobic measurement , an anaerobic

environm ent mus t be continuall y mainta ined . For each experi me nt , the

environmental condit ions are moni tc red by an in dica tor (resazurin) in

the med ia and salt solution. When the redox potent ial is raised to a
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l eve l grea ter than —40 my , the Indicator exhibits a pink color ind i cating

exposure to molecular oxygen. If the quantitat ive technic results in

such a chang e, the measurement would pr obabl y d i s c r i m i na te a g a i n s t

strict anaerobes and only allow g rowth of less oxygen-sensitive

anaerobes (mlcro aerophi lic organisms).

B. Bacter ioloqi c——Anaerob ic bacteria are usuall y considered to be

bacteria which g row only in the absence of oxygen. Yet , among the

anaerobes It Is apparent that degrees of sens i tIvity to molecular

oxygen exist. Three obli gate aneerobes w ith vary ing degrees of aero—

tolerance have been inc l uded in our bacteriolo g ic eva l uation. These

include Clostridium hemo lyticum (ATCC 9650 that exhibits maximum g rowth

at p0
2 
0.5%), Bacteriodes fra q i li s with maximum g rowth at p02 3~ , and

Fusob acteriu~i nucleatum strain JCFan organism that g rows best at p02 8%.

A requirement for an accurate quantitat ive anaerobic technique is that

It permit cultivation and measurement of these anaerobes in vitro. By

reco rd I ng changes in the numbers of these oxygen sensitive organisms

as a result of the quantitative p rocess , defects in the quantitative

techniques have been Ident i fied .

Utilizing these standard techniques , the following technical p robl ems

have been encountered In the development of a standardized quantitative

measurement for anaerobic bacteria.

C. Mainten ance of ~~~~~~~~~~~~~~~~~~~~~

I .  Gass ing the Chamber with Carbon Dioxide

During the homogenizat ion process , the ci i n i ca l specimen is bein g

_ _ _ _ _ _   ---- —-~~~ -- - - --__
— 
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co nt i n ua l l y exposed to atmospheric oxygen. In an anaerobic quan-

titative bacterial ana l y s i s , the homogen iza t ion chamb er mus t be

purg ed of O
2~ 

Simp le exposure of the chamber to carbon dioxide prio r

to homogenization does not prevent exposure to oxygen . Similarly,

gassi ng the chamber via a catheter p lac ed abov e the homog ena te i s

also i nadequate. As a result of exposure to oxygen , death to the

strict anaerobes has been encountered . Preliminary bacterial and

chem i cal studies suggest that gatsing the chamber via a catheter placed

w i thin the homogenate at the bo ttom of the chambe r maintains an an-

aerobIc environment. The Influence of this anaerobic homogenization

process on the surviva l of the anaerobes wi l l  be further tested during

the com i ng y ea r .

2. Pre—reduced Diluents

During homogenization of the clinica l specimen and during serial

dilution of the homogenate , a pre— reduced d il uent is emp loyed . Pr esently,

we are  emp loy ing a pre- .reduced salt solution that is prepared in our

laboratory and is relativel y i nexpens ive . A pre-redu ced solution con-

tam ing chopped meat and various carbohy drates which is cons iderably

mo re expensive than the salt solu~ ion may also be used . I~ioweve r, chopp ed

meat diluent provides a more stable anaerobic environ me nt than the

- ; pre—reduced salt solut ion . The influence of these so l u tiir.s on th~

viability of anaerobes w i l l  be determ ined.

3. Pre—reduced A gar

The pre—reduced diluents are i nocula ted into pre -~duc~ d a-~ ir

m e d i a . Preliminary studies Indicate that the concent ration of agar

L ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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in the media determInes the temperature at which the med ia gels. When

the agar concentration Is 2.5% , the gel point of the media is 46—48° C ,

a temperature at which most anaerobes will  survive . When the agar

concen t r a t i o n  i s  ra i s ed to 3.5% the ge l poi nt of the media Inc reases

to 65_70
0 

C , a temperature t hat results in death to the anaerobes .

Further studies wI l l  be initiated to ensure that the gel point of the

media  w i l l  no t i n f l uence v i a b i l i ty of the anae rob es.

D. Temperature of EnvIronment

When tissues are homogenized , considerable heat is given~of f ,

raising the temperature of the homogenate. This exothermic reaction

has been minimized by p lacing the homo geniz ation chamber in ice during

our quantitation of facultat ive bacterial spec ies and obligate aerobes.

This precaution protects the organIsm from heat Inj u ry m aintaining the

v i a b l e  coun t of th e spe c im en . Howev e r , thi s ch i l l i n g  of ~he specimen

may exer t damaging effects on the anaerobic organism. Dowell points

out that “specImens should not be refrigerated as chi l l i n g  is detrimental

to some ariaerobes. t ’ The effect of this short period of hypothermia

during homogenization on the viabilit y  of obligate anaerobes wi l l  be

examined . p

Fo l l o~ ing develop ing of this standard quantitative technique for

a nae rob i c  ba cte r i a , it w i l l  be applied to experimental anaerobic lnfec-

•1 
tions -of the burn and soft tissue wounds and then to clinica l soft

Inf ections as well as burn wounds in humans. 

.--—

-.---- - -
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I N T R O D U C T I O N

Burn wound sepsis rem ains one of the major causes of death of burnt

20
children as well as adult burn victi m s . Thi s entit y is ch ara ct eri~~sd

by progressive bacterial proliferation within the burnt tissue w ith subse-

quent invasion into adjacent vi abl e tissue and eve n tu al l y s-,st ernic

24 . . -disseminat ion . Invas ion of viable tissue by large numbers ot bacteria ,

usuall y gram negative species , is associated w it h the cl i n i c a l

picture of ab dominal distention , disor i en tat i on and shock. The Onset of

burn sepsis can often be predicted by the bacterial count of the burn t issue.

When the quantitative bacterial count exceeds 100 ,000 (lO s) orcanisms

per g ram of t i ssue , the c l i n i c a l  consequences of sepsis are im:n inent .

Th i s  quantitat ive relationship between the bacterial count and the deve l-

opment of burn wound seps is is the fundam ental basis for quantitat i ve burn

wound bacteriology. ~
- 

- 
-

Bacteriolog ic monitoring of the bu rn wound must take into account

several par ameters: type , number , location and antibiotic sensitivity

of the bacteri a . As a result of numerous techno log ic advances , these

bacteriolog ic data can he made available to the burn surgeon in sufficient

time to influence his therapeutic decisions. The mi crof i or o of the
p

surface of the burn wound and the burn wound itself are examined separate l y

by differ ent samp ling tech nics. (Table) For the surface microf l ora ,

the gauze c a p i l l a r i t y  t e c h n i c  Is emp loyed , w h i l e  i nc i s i o n a l  b i c - p s ~~~ a re

used to r’cn it or the orca p i sm s in the burn wound . .~- fte r s e - a i i i e , suS-

‘en sions of Ep e cimen s are c rear- ~d~~.h!ch in turn arc ~~ e:z:d t o  d i~~~ct

m J cro s co picmsa surem-e n t , r cu t ine quant~~t3t~~Je cu l t u r e  p r o :€ du re~ -~nd

I

~~
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Jmm ed a~ e a -- i t i b i o t i c  s e n s i t i v i t y  testin g . His .tolog ic eram i n a t ion of

the burn wound is perfo riced conco m itantl y -.~i th this bac te rio log ic e<:m-

Ineti on to determine the depth of bacteri a l invasion as well as to

detect m ycot lc or he rpetic ln Fections . it is the purpose of this rcport

to r~ view these methods and to point out their merits and shortcom ings.

S U R F A C E  E A C T E R I A

The surface of every burn wound is contaminated to so m e de-g r ee by

bacteria .
9 

Freq ue ntl y, the level of surfac e bacter i a does ~ot reflect

th at of the un d erl y ing tissue . S i m i l a r l y the or~ enisms isolated from

the surface may not be the same as the m-a~ or sube schar pathoga ns accounting

for burn wound sepsis. Desp ite these dre -..backs , mo n itoring of surface

counts is corv:on)y emp loyed in many burn cen~~~ s.

Monitoring of surfa ce bacter i al c:-J:-~ s can be accomp l i sh e d by a

variety of non -invasive me thods .
h I 2

~~~
7JO

~
H )23 

In these te chnics the

coeffici en t of friction of the two i nt e ra ct in -~ surf ~~ es , the burn -.ound

and the sampling device , va r ies co nsi d erabl y. When the frict i onal forces

between the surfaces are hi gh , the su rfa ce of the burn wound is d srupte d

allowing access to bacteria in tbe out erm ost part of the burn wound . The

bacterial recovery w i l l  reflect thi :s p en etra t~ on into the burn wound to H

include bac~teria from the surf ace as well as wit h i n  the tissues.

At our burn center , sur face bacteria l monitoring by the gauze can-

i l l a r i t y  tech n ic
2 

is emp loyed prior to wo und b i o p s y  sa m p l i n g . Th i s

p ocecure p r~ -.’i d ~ s ob je ctive ~ v i d~~-~ce  of the nu ; ber and type of s~i~ face

b act- :--ia , an nd :~~ of :h.~ po: nt i a l  for s -~b so;uer t b a c te ria l i n. - s~ on

of b urn -~.ound . Si n ce th is t e c h nic in. -ol v e~ n~~:i g :hle f r z ~ o-al

_________________________ ________________ - - _ - - - -~~~~~~~~~~~~~ -~~~--—---—---~~~~- m _ _ _ _ _ _
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forces between the samp ling device and the burn wound , the bacteria re-

covered r e f l e c t  su r face  ra the r  t han burn w ound m i c r o b i a l  c o l o n i z a t i o n .

This eas il y repro ducible technic be g ins by neutralizing the ant ib acter i al

activity of antiseptic agents on the surface of the burn wound . Sterile

gauze pads (2x2 in), 16 l ayers thick , are then p laced in a sterIle 100 mm

petri dish. To this is added L~ to 5 ml of sterile solution which tho rou~~ l y

soaks the gauze. Using aseptic technic , the gauze is then p laced on the

S i t e  to be cultured . The gauze is left In p lace For five mi nutes after

which it is a s e p t i c a l l y removed and rolled diagonall y into a cy l i n d e r .

The latter is p laced Into a sterile 125 m l Erl enme yer flask containing

25 ml of 0.3% saline. A gitating the flask for two minutes , a l l o w s  the

bacteria adherent to the gauze to be suspended in solution. A l iquots

(0.1 m l ) f rom the orig inal solution as well as serial dilutions are

subjected to direct microscop ic counts , ~uantitative culture procedures

for aerobIc bacteria and imrne d ia te antibiotic se n s i tivity testing.

WOU ND BACTERIA

Biopsy Techni cue

The bio psy proc edure is i n i tiated by decontaminating the burn ~-,cund

surface with a non-toxic ant kep tic agent. Using a se ptic technic , the

surface of the wound is cleansed with an iodophor.
22

Five minutes later ,

the iodcp hór is rcm~ ved and any residua l agent in ac tiv a t e d by wa shing

the w~~u-,d surface w ith a solution of O.9~-~ sod i um ch1 or~de -: cn ta i n inc

5od i urn thl c sul fate (1% w/v) . The surface of t Ie .‘.~~und i s :h~ n dr l ’ d -
~. i

a ca u:e spo nge . A l thoug h others f1:me t bicp ~ y to ci Im i na tc sur~ o:e

contamineat s , this d e co n ta m ina ti on p r ocedu re sH~u i d cor,e cautio us l y

r-~ ’, ~~l l s~~;nifican: n~.— b- .’s of ba c t e r i a  .ith~ n the 5~oc~ y

_ _ _ _ _ _ _ _ _ _ _ _ _  -
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The biopsy is performed by excising a 2 cm x 1 cm samp le  o f e5ch -s r

whIch wei ghs a p p r o x i m a t e l y 0.5 gm (Fi g. 1). The bacterial count s in

tissue of this size or larger are sufficientl y hi gh to be re a d i l y sus—
114

cept lb le to bacterial quant ita tion by the rapid slide technic. ~‘h en

smaller specimens are subjected to rap id slide measure m ents , the total

bacter ial count susceptible to qu ant itation is con sid erabl y dim in i shed

limit i ng the r e l i a b i l i t y  and accuracy of the technic. i n cisi on al bio ps ies

of the burn eschar only rarel y p~oduce bleeding that is no: controlled

by d i g it a l pressure . Local anesthesia is seldom required in t h is  biopsy

procedure. Biopsy samp les For either aerobic bact erial q uan tita tl o n or

his tolog ic examina tion are transported Imm ediatel y to the labo ratory i n

sterile glass tubes. Spe cial anaerobic containers are emp loyed for

specimens that wil l  be subjected to anaerob ic bacterial I so l a tion and

culturing .

AEROBIC BA CTERIAL QUANT ITAT ION

The specim en is processed within 1 hour of It s procurement. The

b iopsy is  wei g hed and t hen suspended in a measured amount of 0.9% s a l i n e .

The tissue may be mac crated wi th a knife ,
12 ’15 but a simp ler approach

is tissue homo gen i zation using a sterile rotor kn i fe blade. During
p

hom ogeni zation , the tube containing the bacterial su spension should be

I o 9

immersed iii a 14 C ice water bath. This ice water mixture provi des

eff i cient ~oo lin g of the homogenate maint ainin g Its temper ature below

a ~evel that co u ld result in hyp e r t he r rn ic in ju ry to bact e ri a . The b-t ro-

g e - a t e  is then proca~ sed by direct m i crosc op ic e~~sm H a t i o n , ~~;- ~ a t i t 3 : i v e

c ulture p ro c-~-du ra s for aa ro bi c bacteria , e r d  im~~ d la te a n t i b i o t i c  s e n s i t i v i t y
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testing.

After m akIng serial d i l u t i o n s  of the homogenate , a li quots of the

diluted and undiluted solutions are i nocu lated on blood agar p l ates (BAP)

and eos !n-meth y lene blue (EtiB) media con t ainin g en indicato r dye , eos in-

methy lene blue mixture , wh i c h  provi des an indicat i on of the number of

0
Enterobact eriaceae in the specimen. The p lates are incub ated at 37 C

for 214 hours before colony counts are perfo rmed . An appro priate p late

with non-confluent growth conta ining between 30 and 300 colonies is

selected for colony ceunt s . The results ~re reported a~ b a cterial count

per gram of tissue .

Frequentl y, we supp l ement these bacteriolog ic studies with histo-
16 ,20

logic examinat ion of the burn tissue . The tissue is examined for

depth of microbial penetration , presence of an inf lamm ator y response ,

evidence of microb i a l invas ion of v iab le t iss u e and i dentification of

blood vessel invo l vement. Using the histolog ic criteria described by Pru i tt

20
and Foley, the diagnosis of Invasive burn wound in fection can then be

made. Histolog ic ex amination of the burn wound is particularl y va l uable in

the diagnosis of fungal infection . Mycot ic infection of the burn wound

is established solel y by histolo g ic criteria since , with the exception

of candid a , culture isolation of fungi has a low y ield and is time con- .
~~

L 

suml ng. T~hc va l ue of histologic examination of burn tissue is also
5

of great value in the detection of h erpetic les i ons.

A~~ESC3I C_~~~TE PIAL O IJAN T ITATIC N

~nens-ie r dead tis sue is pr e sent , a ne e r  ic Hf e c t io n s  ra y occu r.

A r - a a r c ’oes  hav e c o n s i d e r a b l y d i f f e r e n t  re~~u r : r n e z t s  fo r  a : iae rc b ios s .

——~~~ -~~~~~~~~~



- 

~~~~~~ ~lhL~~~~11IIaL 
-
~~~ J~~~~1W — 

— —

Some grow on the surface of a solid media in the presence of air w hile

others are unable to grow if the atmosp here contains as l i t t l e  as 0.3%

oxygen or certain oxidized medium con stituents . Considering this ~pec— - --

trum of aerotol arance , the methods e:rp loyed for Isola tion of aerobes

In burn wound specime ns must al low recovery and qu an tit at i on of the

least aerotolerant orga nisms .

Since many anaerobes can not tolerate even a very brief exposure

to oxygen , the biopsy specimen should be obta ined with m inim um exposure

to air. The tissue Spec imen should be transported i mmediatel y in an
6,26

anaerobic tube or cont ainer , isolation and qu a nt i t at ion of the

anaerobes is accomp lished under anaerobic conditions in a g love box.

During anaerobic homogenizat ion , the samp le is suspen ded in a measured

amount of a pre-reduced salt solution which is also used for the seri al

a p

dilutions. Aliq u ots of the undiluted homogenate and its ,d i ]u t i on s are

then added to tubes of molten (50
0 C) pre-reduced brain heart infusion

media containing 2.5% agar. Media containing more than 2.5% agar melts

at higher temperatures which result in an irreversible hyperth er:ni c injury

t o b a c t e r i a . The p r e — r e d u c e d  med ia as w ell ~s the d i lue n t conta in a~~ueous

reazur in , an oxidatio n -reduction in d i c a tor oF an aerobios is. Ifl its
r

reduced form , it is colorl ess , an indicatio n of an anaerobic environment.

When the sc’s tern is exposed to traces of oxygen , the reazuri n is oxid iz ed

and imparts a distinct color to the m edia or solut i on.

The inoculated tubes are then p laced in a spi nne r and rotata d abou t

t h eir long axis. ~-s the rna di~ cools du ri n g tube ro ta tion , the bacteria

are suspended in  a t n i n  f i l m  a l o n g  t a O  wall or the tuze . ,-~rte r incubat i on

~~0~~ . • .  . - -

L 

a t  ~7 ~ -under a -z e ro- ar c cone t ens ror ~~~ to ~-o nou rs , the cc

- 
- 

- a
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are counted . Individual colony tupes are isolated , sub cu1r u r~ d and

Incubated under aerobic , 1 0% CO 2 and anaerobic cond it ions to det e rm ine

If the isolate is in fact anaerobic and not facu l tative. The colonies

g rowing on plates incubated In 10% CO2 and aerobic conditions are con-

sidered microaero p h ili c. At this point , the labo ra tory reports to the

surgron on the presence or absence of anaerobes or ml croaercp hi l es and

indicates their morphology and g ram staining cha racterist i cs, ident i ficat ion

and antibio tic sensitivity testing of the anaerobic isolates are

8
determined subsequently.

R~A P I D  SLIDE TECHNIC

The rap id slide technic consists of a direct microscopic measurement

of the total number of viable and dead bacteria in the suspension )14

The major advantage of this technic is the speed w i th which the results

are available to the surgeon , within 20 m ihu tes after biopsy. In this

measurement , a desi gnated amount (0.01 ml) of the und i luted suspens ion ,

homogenate , and/o r a serial dilution are spread unifo rml y ove r a dile n eated

1 ~r area of a g lass slide which then is p laced on a wa rmer to dry the

smear. (Fig. 2)
13

The smear is then subjected to the imp roved Gram stain technic

d~ ve1oped In our laboratory (Fig. 3). This technic provides a more re-

liab l e and ~zcuratc method of different i ating gr am—negative from gram—

p~~ i tivC organism s than the convent~ or,a1 Gram sta inIng proc edure. The

major p itfa l l  of the conven tion al t~~c hnic  i~ tha t ~ram-p ositk-e o-ga.n s.-ns

are too easily decoi or i:c~d by alcoho l and jud~g-ed to be gram-neget ve .

In the improv ed met hod , fHation of the b act e r i a is accor .p ii ~ he’d 



8

by the a d d i t o n  of m ethano l onto the surface of the warm sl i de. Ba cter a

fixed by methano l are more resistant to deco lori zati on t:nan are b a cteria

fixed by dry iny or heat. When the methano l evapor ates , the slide is

then flooded with bu ffer ed crystal vio l et , which is allowed to stand

for 60 seconds. The primary stain is then poured off the slide with the

iodop hor mordant. The slide is then flooded with more mo rdant that

remains on the slide for one minute. The aqueous mordant 1
2
K 1 employed

in the convent ior.al technic is ~in stebl e and rap idl y loses its iodine content

d~~ i~~ storage. The degree to which iodine is lost is incre ased by

elevatin g the room temp erature and repeated exposure to the environment.

As the contt entra tion of iodine in the mo rdant solution is reduced ,

bacterial smears become susceptible to deco lorization. The prbbi em s of

loss of iodine from the mordant can be remedied by emp loy ing an iodop hor

as the mordant. This iodine complex is stabl e and has a long shelf life.

The slide is then deco lor ized unifo rm l y w Ith 95% etha~o1 until the

solvent flows colorl e ss l y from the s l ide. Decolorizat ion of th~ ~m€ a r

usuall y takes 5-10 seconds. Excess alcoho l is removed by rinsing the

sl i de with water . The counter stain , safr a r in , is then added to the

slide for 60 seconds be fore it is washed off wi th wa ter. Each si i d e  is

allowed to dry and Is examined undeF oil Immersion us i n g  a IDOx objective .

Ten separate fields of each smear are exarnin~d and the average number

of b acter ia per field are recorded . The average number per field is

m u l t i p l i ed by the number of fields in the one cm
2 

r’rea (1~0-D3) n~~vin e the

total nambo r of bacteria in the 0.01 ml a l i c u o t  of the un d i i u t ~ -d su~-p~~as~ en .

T h i s  number is mu1t ~ p i ec~ by 50 if tha o r i c i n a l  susp~ n~~on -.-o~ -~~e -,- .~ s 5 m l 

~~~~--~~~~ --~~ -~~~.—- --— ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~_ -~~ ---~ 
~~~~~~~~~~~~~~~~ _ _ _ _ _ _
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to g ive the total number of bacteria in the suspens ion (Fi g. 3). ~-:hen

the n umber of bacte ria in the smear of the undiluted suspension i s too

numerous to count , ~he number of bacteria per fiel d in the first tenfold

suspension dilution is checked . in these cases , the dilution factor of

the homogenate is taken into account in the final calculations of the

number of bacteria in the undiluted suspens ion. The shape , gram -stain in g

characteristics and number of bacteria per samp le size are reported in

the final results (Fig. 4).

The rap id slide technic g ives accurate and reliable mea surement

~hen coo or more bacteria are in the 0.01 ml suspension delivered to the

s l ide ~)L~~
;O
~ rganisms per gram of tissue ) . When less than this number

of bacteria are added to the ~ l i de , bacteria are not detectable on r- ;cr ooeo n~~o

-~~~~
-
~~

The development of this technique does not rep lace qu~ nt i t atr ve

serial dilution and p lating techn ics . These latter technics are alwa ys

per formed conco rn rni tantl y with the rap id slide technic since they allow

spe ci ati on of the pathogen and antibiotic sensit i vity testing.

IMM EDIATE AN TI~~I 0TIC SENSIT IvITY TEST ING DISKS

Rap id antibiotic sensitivity tes tin g is performed under aerobic con-

ditions di r ~ ct1 y on the bacterial suspension prepared from the c l i n i c a l

specim en rathe r than on sing le strains of bacteria iso la ted from the
25

tissue. Performing the ant i biotic s ensitivity test d i r e c t l y on the

t issue samp le a l lows the burn surgeon to receive the test results se .’er

hours after receivin g tine sp ec imen rather than 3-~— 52 hours ~ater , a

t ire del ay enco untered w ith the con’.’ent onal te-: hni c . ~se of th i s

-~~~ - - —- - 
-—~~~~-—- ~~~~~-— — - .-~~-~~-—-— - p ~~~~
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H
m o d i f i c a t i o n  emp loyed dees not al ter most of the sta nd ard s recomme nded by

th e Food and Drug .-~-d m ini s trat i on si - c e there~ is  no Inc l u s i - ~e chnr ,~ e in

the mediu m , agar depth or the anti b i o t i c  sensit i v i ty ~isc .
3

Ali cuots of the bacterial suspens ion s prepared by the p r ev ious

procedures are streaked in three directions onto tin e surface of ~ueHer-

Hinton a~ ar  p lates (5xl50 mm) using sterile cotton sw-abs . After a three

minute delay, antibiotic discs are app li e d to the surface of the a~ ar

with an automatic dispenser and pressed onto t~ e surface w ith sterile

fo rceps . Af ter incubation at 37
0 

C for seven and for 18 hours , tin e

zone of inhibition around each disc is me asured with a ruler . The zone

diameters as reco~ rended by the Food and Drug Administration are used

to interpret the susceptibility of the bacteria to the antibiotic.

In preliminary c l i n i c a l  and e x perim en tal studies , the changes in

the test necessitated by using the c l i n i c ~~1 suspension d i d , not alter

si g niF i cantl y the int er pre t a ti on of the antibiotic s u s c e p t i b i l i t y .  Even

when lar ger numbers of bacteria were present in the suspens ion ~~~~ io~),

variation in the inocu lum S i z e  did not app rec iabl y change the r e sults of

the antib i otic s u s c e p t i b i l i t y  tests. Re duc inc the standard Kirb y—

Sauer antibiotic s u s c e p t i b i l i t y  test to seven hours a~ so did not l i m i t  the

accurac y of the test. -J
As ex~ ected , the var i able mo st d i f f i c u l t  to standardize is the H

hetero genous ino cul a co nta in i ng 1a~~ e numbers (1O~ ) of di f f e rent o~ z~ n isr - - s .

A z ~ ne of in h i b i t i o n  inte rpr e t e d a-s s e n s i t i v e w i t h  one

occasion al l y m as ked Sf ~h-e p-es -area of the con f lu en t -;rowth of ame t h er 

- _ J ___ s—_-~~~ -~~~~~~~—~~ --
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organism whose zone of inh i b i t i o n  w as  c o n s i d e r e d  r e s i s t a n t . ‘~c d i d  not

encounter the circumst ance in which a number of sensitive species gave

reactions interpreted as res istant wren tested in combi n ation. However ,

even in these cases it is p ossible that the results of m ixed cu lture

sens i tivities may provi de the most valid info rmation in t reali n g m ixed

infections since they most closel y sim ulate the c l i n i c a l  situation.

The merit of direct antibiotic sensitivity testing of c l i n i c a l  specim ens

must await further expe rimental and c l i n i c a l  studies in which the results

of this proposed se n s i t i v i t y  test are shown to have some correspondence

with the c l i n i c a l  response to tre atmL nt .

ANT IMI CR O 3 IAL CREAMS

For an antimicrobial cream to be effective against the org anisms

prolifer a ting in the burn wound the agent ~ ust e x h i b i t  a n t ibacterial
15

a c t i v i t y  a g a i n s t  the major pathogen.  Nat han has recentl y devised a

t .~- : t  which measures the sus c e p t i b i l i t y  of tin e burn wound pa thogens to

commerciall y available a ntim icrobi a l creams . This antimicrobial sensi-

tivity test i s  essential l y a modific a tion of the agar cup d ffus io n test

for an t i b i o tics. Me asured amounts oi the cream s a re  d e l i v e r e d  in t o  the

center of holes on an agar p l ate (st~ nd ard brain heart in fusio n med i um) .

The b a ct e ria l suspension is th en add-ed to me lte d agar (!~5
0 

C) w hich is

pc ured in t o the center of holes on an gar p late c o nt ainin g th e a n t i -

mH r ob ial s to be tested . The cont -mnin ~~ted fl u i d  acer ove r la y s o l H i f i e s

-.- i i t h i n  one m i n u t e .  The test e l a t e s are in. - -~r:~~d ~ -~d I ~c~ 5et - :~ ~~ 
3~~0

for ~ to ~h ho u rs .

T n S  a r t -’ i’:r o b i a l  ~-~s t  p r o v i d e s  an in v i t r O  sv5t ~ -n ~e) ~~- d - y the

:in~~rm:-:okH-eti:s of d :si - cr - at - -d cr c -em. ~~~~~~~~~~~ 
: :- H t — -~~t .  ~~~~-
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of the carrier on the activit y of the cream can eas il y be a:pre~ iate d .

Some carriers l i m i t  the antibacterial activit y of the antimicrobial

w hi l e others permit maxima l activity. (Fig. 5). ~~~~~~~ c l i n ical value ~~~ i

the burn surgeon in the selection of an appropriate antimicrobial cream

for use against a specific pathogen is less certa in . This uncertainty

w i l l  be resolved when standards are developed simil a r  to those for the

disk sensitivity tests that can be used to interpret the susc e p t i b i l i t y

of the bacteria to the antimicrobial cream. Howeve r , it is im port ant to

point out that standardization of this cup-agar dif fusion test may be

more di f f i c u l t  than the disk rest , p articularl y when cli n i c a l  specim ens

are emp loyed . The inocu l- j rn  s i:e and the length of  i ncubat i on  of

c l i n i c a l  specimens significantl y in flu ence the inter pret ation of the

resu l t s  of  the agar -cup d i f f u s i o n  t e s t , a c i r c u m s t a n c e  r a r e l y e n c o u n t e r e d

w i t h  the d i s k  t e s t  ( F i g .  ~;A and B ) .  ~~
- -

I~Jt, ,~~~~ -T iIEAS URES CF THE BACTERIAL C O U N T

Several indirect measures of the wound bacterial count are a v a il able

to the burn suroeon . Examination of burn wounds wi th a Wood ’s Hfrn

19
allows the c l i n i c i a n  to identif y earl y pseud- ozonas in fection. A

fluorescent p i gment is elabo rated b~ many pathogenic strains of Peced o-nonas

ro no ~nd Is detectable under long-wave  u l t r a v i o l e t  1i
~~ht . The

point ~~L which fluorescence is seen upon the wo urds of the burn p atient

in a p a r t i a l l y darkened room is ~p p r cxima t ely 1 ,000 bacteria/ cm.~ i t

is i nd ee d fo r t u i tous th at t his :once-v t r - i t lcn is less tHn th e m i n i m u m

d e n s i t - ,’ a t w hich i n - .- a s i - ~e b u rn  ~-.:u:d s c - p s i s  o c c u r s .  T h i s  irr - -~-~~a t o  a nd

— an y doc - .’r - n t a t i o n  of pse e-fo -ror-- es eol oni: etHn -~e l i  b e~ c ’ r c  c l i n i c a l

s -crs o f in~ e c t i - ~-i ~~~~~~~~ t 3 : e ~ r - cl ~- c e n r i d t m e r  Lha~ cr- :- ’,’ be I i f c - s o -.- i  -
~~~

_____________________________________________________ 
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in some p a t i e n t s .

The “ta ke” of sk in  g r a f t s  on t he s u r f a c e  of granu l a t i n g  burn wo unds

is anot her ra ther  r e l i a b l e  i n d i c a t i o n  of the wound bacterial count .
2’

When the bacterial popu lation is 1O~ or fewe r o rganisms per oram of

tissue , autogr a ftin g with split thickness skin is almost unifo rmly

successful. Skin hornograft also successfully “takes ” onl y when the

colony count was or less per gram in the tissue biopsy.

SUM~ ARY

A comprehensive p i c t u r e  of the burn wound microflor a is row possible

as a result of recent technolo gic advances. The m i croflora of the burn

wound can be characterized with respect to its number , type , location

and antibiotic se n sitivity. These par ameters can be measured in

sufficient time to influence the decision ~ f the burn surgeon. The

microfiora of the surface of the burn wound and the burn wound itself

are examined separately by different samp ling t -echnics. For the surface

m icrof lora , the gauze cap illary  technic is emp loyed , while incis i on - a l

b I o p s i e s  a r e  used to monitor the org anisms in the burn wound . After

samp l ing, suspens ’ons of the s p e c i m ens are c- ea t e d which in turn are

subjected to direct microscop ic mea~~ rem ent , q u a n t i t a t i v e  c u l t u r e  p ro—

cedures and i m m e d i a te antibiotic sensitivity testin g . Histologic e’am—

ination of the burn wound is performed conco rrzn itantly w ith this b ac teriolog ic

examin ation to det erm ine tin- a depth of in ac ter i al invasion as w ell as to

detect the prese n ce of ei thc- r m-,- c o c ic or h ’erp et ic ln fe ct -on s .

~ 

~~~~~~
- - -  

~~~~~~ ____________
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LEGENDS FOR ILrij sTpATIot~s

Figur e 1. The incisicnial hioDsy is perfon mod by t~wc ising a 2 ~ n x 1 cit
sirt le of eschar (A,B). Biopsy umec iirc~ms for e1t~eer aerobe c
bacter ial cuantiteation or histolocic e-:~:arJnation are trarasmorted
irtrrecliately to the la~~ ratory in sterile glass tuL~-s . S~ocia1
anaerobic ~~ntainers are ~rrpioyed for S i~rens that will be
subjected to anaerobic bacterial isolation and cultur ing.

Figure 2. Calculation of the results of the rapid slide rrtea rcent .

Figure 3. Improved Grain stain technic.

Figur e 4. Morphologic and grain staining characteristics of bacteria .

Fi anrp 
~~. Tb~ cat-rje~’rs ~n the antiricrobial creams eo:ert ocr’.s~ c~erahle in—

fluence on their antibacterial activity.

r igure 6. The ~ncculicn size (A) and tne incubation time (B) nave cors ic—
enable influence on the interpretation of the results of the
sensitivit y tests with antimicrobial creare~.

~
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