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PREFACE

Tt is fairly well known that of all of the accidental injurie,
none are more terrible than that of a burn., None are riore painful,
more disabling, more prolonged in their convglescence, more time
consuming for medical personnel, or probably more expersive in terms
of actual medical cost as well as working time lost anc other
associated factors. Equally important, in my own mind at least,
is the fact that it has been widely stated that overall mortality
figures in burmed patients are approximately the same now as they
were a hundred years ago or more, This is in spite of recent
advances in electrolyte therapy, acid~base balance, traasfusions,
and antibiotics, It is generally held that infection i responsible
for this lag in progress. It is with this latter problem that
this paper will be chiefly concerned, particularly the problem
of infection with Pseudomonas aeruginosa, an organism widely
distributed in nature, generally of low virulence, but with the
capability of attacking the burned patient with deadly effective-
ness, It is the aim of this paper to present the means and mechanisms
of such infection rather than a general treatise on burn care or
on antibiotic and other care of such infection when it ozcurs,
£lthough it will be somewhat deviant from the scope of the study
some statistics of interest to anyone concerned with bur:as will
be presented which will deal with prevailing causes of death and

other factors.



CHAPTER I
INTRODUCTION

Over the past several years literally thousands of journal
articles, books, monographs, and other forms of communication
have concerned themselves with the problem of the burnei patient.
Overall, these represent a rather complete albeit somewhat con=-
fusing discussion of the multifaceted problem involving all as-
pects of care, problems and complications, and rehabilitation,
In some areas, however, particularly those dealing with contro=
versial issues or in areas in which relatively little is known
musch of the available literature does little more than to state
the problem exists, do a stddy, and quote some statisti:xs, Each
cormunication does to some degree in a small or greater way as
the case may be, explore the problem in some depth and it is in
this area that I propose to illustrate some of the theories on
etiology, pathophysiology, pathogenesis, complications, and pre-
vention (both natural and artificial) of Pseudomonas infection
in the burned patient,

I THE PROBLEM

Purpose and limitations of the study

Tt was the purpose of this study to (1) show the i:cidence of
infection in the burm injury with particular emphasis ¢:1 infection
with Pseudomonas aeruginosa; (2) the pathogenesis and patho=-

physiology of the infection; (3) the time in which such infection
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may be expected; (L) the types of infection and pathology;

(5) results of Pseudomonas infection; (6) minimal emphasis on
treatment and prevention except on immunologic grounds :in which
the use of both natural and passive immunity will be discussed;
(7) the relation of the burn toxin theory if any to the above;
and (8) a very brief word on diagnosis,

This study was not intended to explore the entire :'ield of
burn injuries except as related theoretically to the specific
topic of discussion. Of most importance are exclusions of gener-
alized burn care such as the controversy of open versus closed
treatment, treatment of shock phase (except when due to Pseudo-
monas), early or late excision of the eschar, or problens of
aseptic care, This paper was likewise not intended to be a
treatise on antibiotics although the problem of when to use
such management and which antibiotic to use will be to &z rather
limited degree discussed when appropriate, Rehabilitation of the
burned patient which is probably paramount in importance second
only to the prevention of the burn in the first place is specif-
ically excluded. As previously stated, statistics and cther data
of generalized interest to the student of the burn injury although
admittedly beyond the intended scope of this paper will be included
at the authort!s discret ion.

Importance of the study

Without yet dwelling on the problem of specific instances of

burn infections, it is generally held that infection is the major
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cause of the lack of definite improvement in survival rates in
burn injuries. The major difference seems to be that victims are
now dying at a later time after their injury than was once the
case, Progress in chemistry and irmmunology have eliminated many
of the early deaths by use of transfusions of blood or its derive
atives, correction of acid-~base balance and fluid losses, and
maintenance of the equ;Librium once it is achieved., The problem
of early Streptococcus seps{s was largely solved with “he advent
of the sulfa drugs and later with penicillin, IMore anl more of
burn victims are now surviving these once fatal complications
only later to succumb to an infection which is resistant to any
therapy in many cases, It appears that the solving of one prob~
lem has led to the development of another, The problen seems to
dwell in the fact that the burned patient (as well as other chron-
ically i1l patients) is for some unknown degree more succeptible to
infection by organisms which are usually known for their low
virulence and lack of pathogenicity except when attacking these
patients, In some degree, then, it is hoped that much of what
can be learned about why this occurs can be usefully applied to
others with chronic disease, for example the leukemias and
cystic fibrosis.

IT DEFINITIONS OF TERMS USED

Pseudomonas aeruginosa

This organism is lately being called simply Pseudomonas but

earlier names were Bacillus pyocyaneus and Pseudomonas pyocyanea.,
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The specific species of aeruginosa is more important as a disease
causing agent than that of pseudomallei. The organisn was first
isolated by Gessard in 1882 and was named Bacillus pyocaneus,

37

It has been isolated from over 90% of sewage samples,” and from
about eleven per cent of fecal samples, THe bacterium is a small,
slender gram negative rod which is usually straight (less often
slightly curved) which measures one to two micra in length and
about three tenths micra in width, It is motile, nonsoorogen-
ous, nonencapsulated, and stains readily with aniline Jdyes.

Some strains will grow anerobically but best growth is obtained at
normal atmospheric oxygen pressures, Optimim temperatire is thirty
seven degrees centigrade, Plain agar colonies are larze, soft,
smooth, and grayish, They are not pigmented but dye produced by
the organisms diffused into the medium produces a bright green
fluorescent color which becomes darker after several days and

may impart a metallic sheen to the surface growth, Four per cent
of the colonies produce no pigment. Gelatin is liquefied and a
pellicle is produced when grown in liquid media, Hydrogen sulfide
is produced as a by product of growth but urez is not split and
indol not formed, In ordinary peptone base broth growlh, acid
without gas is formed from glucose but not from lactose or sucrose,
A somewhat characteristic aromaticlgrapelike odor is produced by
growing colonies, The organs affected by infection are many for
a catalase, a proteinase and in some cases a creatinase are pros

duced by growth, In addition several cytotoxic dyes are produced
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by the growing organism., The gemus is characterized Lty the pro-
duction of a yellowishwgreen flourescent material which is water
soluble, In addition, the genus aeruginosa produces a deep blue
pigment, pyocyanine, which can be extracted from agueous solutions
by chloroform. Some strains produce an additional pigment, a red
substance which is water but not chloroform soluble ani is called
pyorubin. Although the dyes are tissue toxic, it appears that the
proteinase accounts for the liquification of body tissies in cases
of infection,

Pseudomonas is killed by heating at a temperature of 55%¢, for
one hour but is somewhat more resistant to the usual chemical dis~
infectants than other gram-negative bacilli, It is lilkewise
resistant to penicillin and the broad spectrum antibiotics bub
is often sensitive to the antibiotics colistin, Polymi»in B, and
sometimes neomycin. The various strains can be separated by their
C and H antigens and there seems to be at least two serologic
groups. There is a glucolipid complex which is toxic znd antigenic.
Burn

In this paper a burn will be used as the expressicn of the
reaction to and the production of an injury due to the undue ex-
posure to heat, chemicals or electricity. Expressions of degrees
of burns will be used according to standard definitions.

Initial or Primary Shock

Initial shock is that occurring in the immediate psst burn

period and up to two hours later, It is probably a gensralized
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vasomotor collapse of neurogenic origin and probably dive to excite=~
ment and pain., The mortality rate is about 2.5%.

Secondary shock

Secondary shock is seen in the period of 2-l48 hours after the
injury. The cause is thought to be the result of a decreased blood
volume because of the loss of "plasma' into the burned area. The
result is an increased blood viscosity, hypovolemia, and reduction
in blood flow, It is in this area that many of the recent advances
in fluid and blood therapy have the most to offer, A s we will see
later, some of the cases of secondary shock may in reality be septic

" shock in which the diagnosis was not made,
Toxerta

This term implies the absorption into the blood stream of poison
oas substances from a variety of causes, whether it be from tissue
necrosis, sepsis, or other reasons as the toxemias of pregnancy.

Acute Toxemia

This type of toxemia occurs roughly 6-100 hours af-er the burn
injury and is probably due to the absorption into the ciirculation
of the mecrotic tissue which resulted from the burn, I is from
this phenomena that the "burn toxin® theory developed,

Bacterenia

The term is broad and yet conservative and implies simply that
viable bacteria are isolated from the blood., The term coes not mean
that any i1l ness is produced, the organisms are pathogenic or

that they are permanent.



Septicemia or Septic Shock

Septicemia implies that the organisms found in the blood are
producing symptoms in the patient, The effect is often due to
the toxins produced rather than the bacteria per se,

Pyemia or Septicopyemia

A condition which implies that the organisms in thie blood are
producing symptoms and are also initiating localized abscesses in
the tissues of the host,

Infection

An infection is a pathologic presence of bacteria in a host

with resultant inflamation and other reactions which di.fferentiate

the term and condition from only the mere presence of hacteria.

IIT SOURCES OF DATA AND TREATMENT OF FINDINGS

A1l data was secured by a rather exhaustive survey of the
recent literature, In selected cases standard textbooks were used.
Although in all cases the entire original study was surveyed, only
that section which was germane to the purpose of this:study is
quoted., Every attempt was mad, however, to avold inclusion of
facts or figures which might be countradictory to the conclusions
drawm by the original author except in a few cages to illustrate
possible sources of error, All facts and figures will be credited
to the original author unless it is believed that these represent

comron knowledge,
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CHAPTER IT

REPORT OF THE STUDY

A major portion of the following material concerning the pre-
sent day concepts of burn infections will be dealt with in terms of
progress in and concepts of host defense mechanmisms and immunology
and how these are altered by the burn injury and the treatment
afforded., It is in this area that more and more work :is being
done and it appears that eventual success in prevention will be
in a similar area.

HISTORICAL ASPECTS

Perhaps one of the most appropiate statements made in regard
to burns was made by Lowburylé when he said that infection in
burns presents a confused picture due to many factors., He felt
that one of the most important of these was Your difficulty in
telling which pathologic changes are caused by infecticn and which
are caused by the initial trauma itself," ILowbury thern sketches
some of the early historical writings beginning with Fabricus (1607)
who noted *ulcus profundum et putridum¥ after separation of the
burn slough., In 1833 Dupuytren found suppuration, fever, wasting
and death in patients with deep burns even when the injiries were
not extensive., Bird in 1855 believed that these signs and symptoms
were no different than those due to injuries of other tipes.
Lister, who was one of the pioneers in antisepsis in sur-gery,

apparently did not extend his new technique to burns perhaps
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because he thought it was hopeless. Pack in 1926 noted that
practically every burn becomes contaminated within a few hours, the
commonest organisms being streptococci, staphylococci, and Pseudo=
monas eeruginosa. Aldrich (1933) and Cruickshank (1935) attributed
the toxemia and fever often found on the second and third days
after burning injuries to septic infection on the burnsd surface,
Langohr (1947) reporting a detailed bacteriological study of the
burned surface, considered hemolytic streptococci and staphylo-
coccl particularly damaging to deep burns, especially when present

with the proteus group.

IT INCIDENCE

As in all surveys of statistics the figures stating the inci-
dence of infections in the burned patient and in particular, the
relative incidence of Pseudomonas aeruginosa infections varies
from source to source, The figures from different sources are, how=
ever, quite similar and a general trend can be predicted even if
absolute values cannot.,

Before a survey on morbidity is done, perhaps it would be
germane to evaluate some mortality figures which seem to by their
very nature be typical of many studies presently being :zonducted,
Although many of the factors to be presented admittedly deviate
from the topic of the present survey, it is felt that they should
be included for the sake of completeness,

Some of the more recent work was done by PFeller ami Hendrix6

in their clinical pathologic study done on sixty fatally burned
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patients, Their study involved the selection of what they felt
to be the cause of the death in these patients. The study involved
a fifteen year time interval and was correlated with aatopsy findings
in sixty of the eighty five total deaths, It is interasting to
note that 558 patients with burns were admitted to their center
and that eighty five of them died, giving an overall mortality
rate of 15,2%., This figure may deviate somewhat from others in that
the study began in 1946 which is before some of the mo:e advanced
techniques in burn therapy had been developed.

Their study is felt to be typical, however, and is in part
presented in Table I, From study of the table several factors
immediately become apparent. We will first note that twenty of
the sixty patients who succumbed did so because of or related to
a burn involving less than forty per cent of their body area with
a mean survival time of forty days and with a meanage of thirty
nine years, The authors state that the average burned area was
twenty one per cent of the body surface area, ILikewise, forty or
two thirds of the autopsy series but not of the total ceaths died
of injuries involving greater than forty per cent of the body area
and with a mean area of sixty three per cent, In this series the
mean age was thirty four years and the mean survival time was
fourteen days. Of the total series the mean age was thirty six
years and the mean survival time was twenty three days,

On closer examination of Table I several other factors become

apparent. Although the series was small and the figures probably
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not statixtically significant it is apparent that a greater per-
centage of the total deaths appeared in the 20-29%, LC=L9%, and
the 60-69% groups. This should not be misleading for no figures
are given as to the case fatality ratio nor to the relative inci-
dence of these groups., The table would obviously become more mean=
ingful if these figures were included but since they wsre not we
mist assume that this is an artifact and be very carefal in our
evaluation. It would probably be safe to assume that a1 greater
percentage of the mortality would be ascribed to burns invol¥ing
greater than sixty per cemt of the body surface but is not that
already a commonly well known fact? These burns of this magni-
tude are less frequent than some of the others, Prohably the
greatest thing to be learned from the evaluation of the: table
is that deaths may occur irrespective of the area burned. Note
that two of the deaths involved less than a ten per cert burned
area} Purther comment is not necessary.

The data concerning the patients ages and survival times
mist be likewise be viewed with a certain amount of caution.
These figures are given as means or averages and perhaps would
be more significant if the modal age and the range were given with
’similar treatment for the survival times, We can probadly safely
assume that the two patients who died with less than ten per cent
surface burns were probably very young and that they died relatively
quickly, for the greatest survival time possible with these figures

is fourteen days for one patient and less than one day f'or the other.



% Burn

1=9

10=-19

20=29

30-39
Subtotals

1049

50-59

60-69

70=79

80-89

90-100
Subtotals

Totals

TABIE T (After Feller and Hendrix®)

MORTALITY IN BURNED PATIENTS

No., Patients

10

20

11

13

40
60

Mean age, yrs.

PRy o

Yean survival
time, days

7
27
5k
40
40
19
15

8
13
26

7
1
23
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All of the data in Table I will assume greater significance
when the material is presented again and its relation to the
problem of infection is shown, Suffice it to say now that a def=
inite correlation can be shown between whether infectior occurs,
type of infection, the organisms responsible, and the expected
survival time as well as the timing of the infection. 411 relate
to the percentage of burned area, the age of the patient, and the
mean (or modal) survival time,

The study perhaps assumes a greater significance when the
authors investigate the autopsies investigating the causes of
death in these sixty patients, Tpis data is given in Table IT.
Again no figures are given relating to the relative incidence of
these complications to the total number of patients burned, only
to causes of death, ILikewise because of the smallness of the series
many of the figures must be viewed with caution, but infection as
a cause of death stands out. It is apparent that thirty seven or
nearly two thirds of the sixty autopsied deaths died of this cause,
Septicemia, with or without pneumonia, accounted for twenty eight
or seventy five per cent of these deaths and represented forty
seven per cent incidence in the total series,

Of the fourteen patients who died of septicemia alone, the
diagnosis was made in the antemortem period by a high fever,
leukocytosis, abdominal distention, tachypeea, terminal oliguria,
and hypotension, Eight of eleven blood cultures drawn in this

period were positive for the offending organism. It mcst be
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remeribered that in any autopsy series that a high incidence of
positive blood cultures are obtained presumably because lack of
integrety of the intestinal wall which occurs in the apgonal period
allows intestinal organisms to enter the blood stream, This is
documented by the fact that gram negative organisms were found
alone or in combination with other organisms in all of the foure
teen latter series.

The findings of Feller and Hencdrix were in a large degree
substantiated by Kefalides.12 He did not accept post mortem
positive blood cultures as indicative of septicemia. '"he diagnosis
of systemic infection was made in sixty seven per cent of their
series of U5l patients, Pseudomonas aeruginosa was found to be
the causative organism in seventy one per cent while Swaphylococcus
auvreus was found in only eleven per cent., It must be pointed out
that the patients were all children and the authors felt that the
incidence of septicemia and in particular sdpticemia due to Pseudo=-
monas was higher in this age group. Feller and Hendrix included
patients of all age groups and their incidence of Pseudomonas
infection was about forty per cent. In a subsequent a:rticlel3
Kefalides found the incidence of fatal Pseudomonas sep=icemia to
be seventy five per cent of all septicemias. In an atuempt to
determine the source of the fatal infections he did cultures on
skin wounds, blood, pharynx, stool, and urine on admission to the
hospital and every other day for two weeks thereafter, His resulss

are shown in Table ITI, It must not be construed that the results



TABIE IT (After Feller and Hendrix7)

CAUSES OF DEATH IN 60 BURNED PATIENTS

Factors related to the initial trauma
Primary pulmonary irritants
Hypovolemic shock

Infection
Septicemia
Septicemia with thrombosis of sigmeoid sinus
Septicemia with pneumonia
Pneumonia with septicemia
Pneurionia

Pulmonary arterial emboli
Alone
ith septicemia
With myocardial infarction
With pneumonia

Adrenal Insufficiency

Pre-existing disease
Cor pulmonale
Arteriosclerotic heart disease
Arteriosclerotic heart disease with septicemia
Cerebral infarction
Cerebral infarction with septicemia

Tatrogenic factors
Transfusion reaction
Transfusion reaction plus septicerda
Sulfonarmide sensitivity
Congestive failure--excess fluid replacement

Total

~15-

Number
5
L
1
37
4
1
2L
1
7
6
2
2
1
1
1
6
L
2
1
L
1
5

AN Y T T A B A
. H .

60
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are indicative of infection but only of the presence of bacteria
in or on these sources. The entire table is presented for the
sake of completeness.

Several facts are brought into focus from observatioh of the
table. The staphylococcus was overall the most frequent‘organism
isolated and it appeared most often in the skin, pharyx, and
stool. This is to bé expected for this is the normal habitat
of this organism, Pseudomonas, on the other hand, was found in
approximately the same frequency in the stool and on the skin but
less commonly in the partly enclosed pharymx. It was by far the
most frequently encountered organism in the blood stream with
about four times the incidence of the staphylococcus. The skin
colonization by both organisms increased in frequency :.n direct
proportion to the amount of skin burned. Lowbury18 who noted
a similar frequency of Pseudomonas infection attributed in part
the predominance of this organism in the changing hospital environ-~
ment, He felt that the large, open areas of injury as seen in a
burn were succeptible to contamination from normal hospital organ~
isms., As we shall see later, he was in all probability only
partia}choreect.

Moreover, the problem of Pseudomonas sepsis is alto seemingly
increasing more rapidly than was once the case. Grabexll in
a survey done in a U.S, Army Surgical Research Unit pcinted out
that this organism was responsible for L7% of cases of septicemia
in 1953-195l but was responsible for about 65% of the cases in

1959, The staphylococcus declined from 58% to 1LY over the same

period of time.
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DISTRIBUTION OF MICROORGANISMS ISOLATED FROM 3940 CULTIRES IN

SEVERELY BURNED CHILDEEN

Urine Blood
# 310 1600
Organisms
1. 17 33
2. 0 0
3. 1 135
Le 27 20
5. 0 5
R 0 12
I 0 10
8. 0 0
9. 0 0

KEY TO ORGANTISMS

1.
2.

3

Skin

833

671
210
L7h
183
110
0
61

Pharynx
557

311
93
37
25

390

Stool
640

223

76

202

273

28

60

Staphylococcus aureus (coagulase positive)

Micrococcus species (coagulase negative)

Pseudomonas aeruginosa

Proteus
Streptococcus group
Salmonella group D
Providence group
Shigella group B

Escherichia freundii

Total

No,

1255

379
849
528
595
19
99

60

%

31.5%
9.6%
21.5%
13.47%
15.1%
0.5%
2.5%
0.2%

1.5%
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ITT TYPES OF INFECTICON AND PATHOLOGY

Although septicemia is given much discussioﬁ?;il surveyed
literature it becomes apparent that this is not the onjy manifest-
ation of Pseudomonas infection. In table III it was ncted that this
organism was isolated very frequently from the skin where it
causes varying degrees of manifestations with resultant compli-
cations. Artzt believes that systemic infections begir with the
localized skin infections. These are seen most commonly in second
degree burns that become contaminated from the outside (the environ-
ment) and in third degree burns that have built up a gecod fibrin
barrier against the invasion of bacteria. All gramuilating wounds
are colonized by bacteria but the gramulation itself usually pre-
vents invasion into deeper structures., This type of irfection is
important in that it may interfere with the growth of remaining
viable epithelium and thus cause a split tﬁickness injuory (second
degree) to be converted to a full thickness or third degree loss.

An advanced degree of localized skin infection which is
locally invasive is evidence by the same signs and symrtoms as a
similar infection in a non-burned patient. Cellulitis, lymph~
angitis, regional lymphadenopathy, fever, and leukocytcsis are
usually present. This infection may become a generalized septi-
cemia by methods to be revealed later.

The pathology of such skin lesions tzkes various forms and
results in varying degrees of complications, Rabin and his associ-

ates describe some of these at length and the study was limited to
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those caused by Pseudomonas aeruginosa.27 At autopsy all of
their patients had varying degrees of infections in their burn
wounds. Those of which that were extensive had their tufned sur-
faces transformed into black, friable membranes. This involve-
ment developed in stages and the progression could easily be
followed., After the eschar separated foci of necrotic debris
remained and these focli gradually enlarged and beceme covered by
a black crust with intervening areas of green tinted fat necrosis.
This complete transformation of the wound into a diffuss, black
membrane often occurred between twenty four and forty eight hours
before death. A section through the ares would reveal nodular
hemorrhagic necrosis extending several centimeters into the
underlying subcutaneous tissue.

In some of the patients circumscribed hemorrhagic nodules in
surrounding areas of non burned skin were found although some were
found in remote areas. Their size varied from l-l centimeters.

In their early stages they presented as vessicles surrouvnded by
erythema., They later became hemorrhagic and demonstrated central
ulceration, Pure culture of Pseudomonas aeruginosa was isolated
from all of them.

Septicemia, although previously alluded to, has several comp=-
lications in its own right, not the least of which is death in a
high percentage of czses., The mechanisms of death are not known
in some of the cases. In other cases the patients develosp abscesses

in vital organs following blood stream invasion by the organisn.
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Hemorrhagic nodules similar to those found on the skin may be
found in the viscera, heart, lungs, kidneys, intestines, and
meninges. All portray a similar microscopic picture in that
they contain large areas of necrotic tissue with varying degrees
of hemorrhage and scattered infiltrates of polymorphomiclear
leukocytes and monomuclear cells. Intense rumbers of grem
negative bacilli were present throughout the lesions., They
were most densely packed in the walls of small arteries with
necrosis of the vessel wall and thrombotic occlusion. The
significance of this latter fact is obvious in that the vessel
necrosis will cause further tissue necrosis thus promoting the
advance of the infection. Some of the patients alsc had des-
tructive endocardial lesions involving the tricuspid and aortic
heart valves, Pure cultures of Pseudomonas was grown f'rom these

lesions also,
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CHAPTER TIIT

ALTERATIONS IN HOST DEFENSE

It has been established that infection is a frequent compli-
cation of burn injury and is becoming increasingly more so, Several
questions remain to be answered not the ieast of which is why this
is so. Another relates to the increasing frequency of Pseudomonas,
It is not known why this »rganism affects the burned, the chronically
ill, the leukemic, or the patient with cystic fibrosis. The
answer to these questions remains yet unsolved but thers must be
some disturbace in the defensive structure of such a paiient.
Other factors, of course, are the increasing use of prophylactic
antibiotics which allows the emergence of Pseudomonas and other
bacteria which are resistant to most of the commonly used agents.
Some element of the former must be combined with the latter and it
is with this former problem that therefore the following discussion
will be centered., A section on pathogenesis and sequence will
precede that on defense mechanisms so that the latter may explain

and correlate the step-like sequence.

I PATHOGENESIS AND SEQUENCE OF INFECTION
If the preceding discussion on pathology is kept in mind,
we may now digress to a Aiscussion which will,in a small way,be
repetitious but will be founded on the alterations of the defense

and their changes following the burn injury.
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Much of the work in pathogenesis is being done ir. the Brooke
Army Medical Center by Teplitz and his Zellow workers including
Monc:rief.Bzm3 They likewise find that Pseudomonas sepsis is a
leading ceuse of death in their work. They point out that septi-
cemia in burns is commonly thought of in terms of blood stream
invasion (bacterial) with resultant hematogenously disseminated
visceral and skin lesions---in association with leukop2nia and
¢linical hypothermia-~~but that this is not the diseass proper
but is rather the end stage systemic manifestations of an over-
whelming local or primary infection. Most cases, then. are cases
of Pseudomonas burn wound sepsis resulting from the invasion of the
nonburned hypodermal tissue subjacent to the oolonized burn wound,
To substantiate their theories, they performed experimental work
on burned rats which in so far as they could predict pzralleled
the sequence in humans. The burn wounds were then contaminated
with cultures of visble Pseudomonas organisms. Quantitative
blood, heart, and tissue (burned and unburned) cultures were
obtained at various intervals. Their data is swmarized on Table
IV, Of interest was the fact that soon after seeding in almost all
instances staphylococci spontaneously colonized the wowads, similar
timing was noted on nonseeded controls.
Their feeling from the results of this work clearl:r indicate
that they believe that the pathogenic sequence of Pseudomonas
sepsis in the rats was one of burn wound colonization followed by

invasion into the subjacent viable tissue. Although the experiment
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was admittedly somewhat artificial, they point out thab their colony
counts seem to be parsllel to those found in similarly burned humans.
Intrafollicular (hair) bacillary localization was felt to be an
important aspect of the initial colonization stage and is again
similar to that seen in humans, In contrast to other similar
workers who make a point of bacteremia in early stages, these men
feel that bacteremia occurring as early as day three when there
was no evidence of wound invasion was a problem of sampling more than
any other factor. At least in the early stages it was felt that the
animals showing diseases were doing so because of primarily a
toxemia rather than a septicemia. In later stages of “he disease
(days 7 & 8) the true nature of the septicemia was found and was
found to correlate with dhe hematogenous findings and netastatic
visceral findings. Some of the rats, however, died of the toxemia
before septicemia occurred and thus lacked the characteristic
visceral findings which were similar to those previously described.
Although not previously alluded te, there are ceriain findings
present in rats and humans which are somewhat characteristic.
Since in the early stages of the disease process there is no valid
clinicel finding or test for the detection of invasion of the
tissue subjacent to the colonized eschar, the cliniciar is usually
first confronted with signs and symptoms of the last stages of the
disease, and tlus frequently tends to think of the total disease
entity in terms of bacteremia, hypothermia and leukoperia. Other

findings included are the toxic arrest of the bone marrow which



DAYS

2 hours

15 hours

2l hours

48 hours

3 days

It days

5 days

6 days

7 days

8 days

TABLE IV

SEQUENCE OF PSEUDOMONAS BURN WOURND %gPSIS
(Surmarized from data of Teplitz”®)

FINDINGS

Uniformity of bacterial count at 1Ou“7, bacteria
penetrated beneath the wound surface and found in
hair follicles,

Counts ranged from ZLOS-7 and all sections showed
deep intrafollicular localization of bacilli,

Surfacé counts showed 10 organisms per cc., Intra-
eschar vacillary localization around anc withi: hair
follicles.

7-8 .
Surface counts showed 10 organisms per cc., Mo
great change on microscopic exam. There were
staphylococci in the unseesded controls.

Increased depth of intraeschar colonization was
present and some of the animals had positive
blood cultures,.

Bacteria invaded to superficial ruscle vnderlying
the subcutaneous fat and bordering the viable tissue
zone, All blood cultures were now positive,

Bacterial invasion was down to the zone of viable
gramilation tissue which was formed at 3% hours.
Low grade bvacteremia was present as on day four.

Ho great change in tissue pathology. Some animals
now showed significant bacteremia and positive
splenic cultures,

Invasion by bacteria through the granulation tissue
layer was now present., All animals now had signifi=-
cant bacteremia and splenic trapping.

The findings were essentially the same bat with a
mach greater degree of invasion of underlying normal
tissue. Blood cultures were positive and positive
cultures were obtained from liver, kidne7, and lungs.
HMarked adrenal hyperplasia was now present.
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explains the levkopenia, enlarged adrenals showing lipoid depletinn
in the absence of pseudotubular formation felt to be so character~
istic of sepsis, and the absence of the significant pulmonary edema
and congesiion often found in staphylococcal septicemia. Likewise,
Pseudomonas vasculitis was felt to be due to perivascular invasion
rether than from direct intimal seeding as formerly thought.

In a subsequent article33 the same workers again point out that
signs of septicemia are often the first objective find:ngs of the
clinician. This coincided with the fact that the junction of the
viable hypodermis and burn eschar is a circumscribed, congested,
edematous area which might allow greater trapping and proliferation
of hematogenously disseminated bacteria. There also frequently
are a few large areas of third degree burn becoming infected with
bacteria within a short period of time, shortly af'ter the onset
of bacteremia, and whole areas of partial-thickness burn sometimes
appear to convert overnight into full thickness wounds owing to
massive diffuse Pseudomonas invasion, All of these things piercingly
point out that hematogenous dissemination to the burn wiund may
occur after the establishment of Pseudomonas bacteremia,

They found that 35 day old burn wounds and normal zramlating
skin were not succeptible 1o colomnization by intravenous inmoculated
organisms. After innoculation of recently burned rats, they found
that colonization of the burn wound did exist. It was “hen assumed
that the edema and disrupted capillary bed of the hypodermal burn

wound Junction may contribute to increased trapping and proliferation
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of hematogenously disseminated bacteria. There also frequently
were found small, thrombosed vessels and small abscesses in the
area. They felt Thalthe variables included bacterial count in
the blood stream, the amount of superimposed stress anc the age
of the burm wound. For several reasons they felt that hematog-
enous dissemination and infection of the burn wound seldom if
ever occurred.
IT MECHANICAL ALTERATIONS

Because of the nature of the wound there is an ideal situation
for infection in third degree burns. Beneath the dead tissue and
in the hair follicles are many viable bacteria, Thrombosis and
edema in the subcutaneous tissue decrease the blood supnly and
defense mechanisms of the host have difficulty reaching the area
where the bacteria persist. It seems natural, therefors, that
all third degree burns would become infected because thz abundance
of nutritive material in the area provide ideal media for the
hacteria,

At one time it was thouzht that full thickness buras were
sterile initially and that they became colonized by bacteria only
when inadvertant contamination occurred in the course of treatment.
Tt is probably true, though, that immedistely after the burn the
wound 1s sterile but viable bacteria persist in the deeper tissues.
They then grow rapidly in a manner to be described later and soon
reach a concentration of 100,000,000 organisms per square centimeter,

In all probability the most important protection against infection
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that the body possesses, the skin, is the very thing that is
destroyed by the injury. Once this important barrier is elimin-
ated, a second source of infection is contamination of the wound
from outside, This element is present in both partial and full
thickness burns and is brought about by the access of the bacteria
from unsterile dressings, unsterile instruments, or from the respir-
atory tract of the patient and of the attendants. The breakdown
of the skin is the most important loss of the body defense mech-
anisms leading to increased susceptibility of infection.

This vital aspect is particularly important when ~here is full
thickness necrosis of the skin, The effect of antibiowics when
use here is only temporary and incomplete at best. The element
of delay required for spontaneous separation of the eschar affords
the opportunity for infection to advance under cover. It has been
well emphasized by Langohr, Owen, and CopeL6 that such wounds
becore a quagmire of infection after the third week post burn.
Therefore, with the passage of time the contaminating bacteria
within the burn slough have a chance to multiply and the longer
the delay after injury, the greater the vacterial proliferation.
This period of delay also constitutes for many patients a dangerous
interval of mutritional dependency and they may fare pcorly in the

hands of the disinterested or detached surgeon.

TIT METABOLIC ALTERATIONS,
Benson and his associatesh describe certain metabclic alter-

ations which occur in the burned patient (also in many other types)
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or which seemingly too frequently are not only ignored by
physicians in general bult also by most authors who des:ribe
essentials of good care for this type of patient. Particular
emphasis is given to the chronic burn patient who also may be
chronically infected, They point out that many physicians becomes
disinterested in their burn patients after the acute period is
over and thus allow them to decline to the chronic stave,

The metabolic alterations in this type of patient differ in
many irportant aspects from the recently burned patien:., In the
acute post-burn period the degree of negative nitrogen balance is
apparently roughly proportional to the severity of the burn.
Although it may be altered somewhat by dietary pattern, reversal
to positive balance is said to be rarely possible in less than
a thirty day period. This is usually reflected by a steady loss
of body welght which may be as much as a pound a day or more,

The serum proteins are altered with decrease in serum «lbumin and
elevation of the globulins, particularly the gamma fraction, These
protein manifestations are consequences of extensive tissue catabo-
lism, urinary losses, and wound exudate composition. £is much as

49 grams of protein per day may be lost in exudate from early
wounds.h This is decreased as the wound gradually closes, Among
other metabolic changes are elevation of the BMR, electrolyte
abnormalities with chronic urinary potassium loss, impzired hemato-
noesis, and anemia,

The authorts concept of the metabolic alterations of the depleted

post~burn state is that it represents adaption to chrordc starvation,
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As previously noted, the circulating plasma proteins reflect
the hypovolemia of these starved state patients. Althcugh
the electrolytes are normal in the serum (often), the tody stores
are depleted. The factors leading to the debility are excessive
undiminishing losses of protein, hemoglobin, fluids, ard electro-
lytes from the wounds, Chronic sepsis augments these losses and
obviously impairs the ability to fight the sepsis, the cycle

oceurring in a vicious circle,

IV MECHANICAL ALTERATIONS

There are many factors to be considered here, some of which
are hypothetical, some of which are obvious, and some of which
although well known are poorly understood., For the present we
will exclude immunology per se from the discussion although indeed
it is involved in the following mechanisms of defense.,

Although it has been previously mentioned that the burned
animal is more prone to develop infection in his wound than animals
subjected to other types of injuries, no statement has yet been
made about the ability to resist infection in general by these

burned animals, Liedberg17

is one of many authors to investigate
this problem, In his experiments he subjected guinea pigs to the
intraperitoneal injection of both killed and viable cultures of
Pseudomonas aeruginosa organisms. One half of each groip was then
subjected to a 11-1) per cent burn while the remainder served as

a control group. He found the difference in fatality rates between

burned and unburned (control) animals to be highly significant.,
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The intraperitoneal injection of killed organisms affected the
mortality rate adversely but to a much less degree than the inject-
ion of live bacteria. He also found that septicemia sezmed to be
found more often in burned than in unburned animals,

Liedberg felt that the bacteria invaded the blood stream
prior to death as indicated by abscesses similar to those prev-
iously described which occurred as early as the fortieth hour., In
some way the antibacterial barriers seemed to be more easily broken
down as is evidenced by the increased incidence of septicemia,
Lledgerg felt that one of the most important barriers was the retic-
uwlo-endothelial system and that this system was in some way made
defective by the burn injury, possibly by the shock., It was zalso
speculated that the bacterialcidal action of the blood was also
interfered with, More about this latter statement will be
discussed later,

McRipley and Garrisoneo performed experimental work similar
to that of Iiedberg., Their work was somewhat more comrlete in
that the organisms were injected intraperitoneally as were Liedberg!s,
but also subcutaneously in both the burned and the non-burned areas,
The results of the work was very similar, Rats injected two min-
utes after burning, intraperitoneally or subcutaneously in the burned
or non-burned area, were extremely susceptible to Pseuclomonas in-
fection, It was found that the LDSO for such animals vas less than
ten organisms, compared to 2.0 X 107 for the subcutanecms injection

in the non-burned controls and a similar amount per other routes,
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The increased susceptibility to the subcutaneously injected organisms
was still present at 2l hours but gradually returned to normal by
the 15'th day. In the group of rats injected subcutaneously in a
non-burned area the IDSO was found to be 106 greater than the LD;O
for the burned area, Also of note was the fact that they found
that within a twenty four hour period after the injury the intra-
peritoneal IDgp was about half that of the non-burned centrol.

A somewhat different conclusion than that of Liedberg was made,
however, They felt that this increased susceptibility of the rats
to Pseudomonas infection was probably secondary to the burn shock
and trauma, They attached equal importance to the effect of the
shock on the capillary permeability which has been shown to be
increased in the burned and the non~burned areas as wel., This
effect would allow the bacteria to reach tissues which are normally
protected by the impermeability of blood vessels to the passage of
bacteria, Muscle and brain, which were shown to harbor the organism,
along with the burned area were thought to be possible reservoirs
of bacteria and that they could reproduce in these areas until
sufficient in mumber to kill the animal,

Although surveying the problem in a somewhat different fashion
and evaluating other factors imvolved in the resistance to infection,
Balch3 produced one of the more complete studies on the resistance
to infection in burned patients., Its very completeness demands
that full evaluation be given it., The purpose of his study was to

determine whether burned humans were more susceptible to invasive



“32-
infection because of an associated impairment of the natural
antibacterial defense system, Although he agrees that ithe basic
defect is the destruction of the protective epithelial barrier,
he atterpts to evaluate the specific and non specific anti-
bacterial substances in plasma and tissue fluid and the defenses
of the cellular substances consisting of fixed and wandering
phagocytes, In agreeing with the purpose of this paper, Balch
points out that the basic defect in antibacterial defense is the
inability of the patient to prevent bacterial invasion :rom the
wound site, The blood bacteriocidal capacity was found to be
greater than normal in the acutely burned patient but the periph-
eral cellular response to the injury is impaired.
Balch evaluated four components of antibacterial defense as
measured in burned patients:3
"l. Leukocyte-plasma bactericidal effect, This is the ability
of leukocytes suspended in autologous plasma to destroy two
species of Staphylococcus (including aureus) and E, coli,

and Pseudomonas aeruginosa,

2. DPlasma bactericidal effect. This is as above =2xcept
that the leukocytes are #ot included into the system.

3. Serum hemolytic complement, This refers to th2 capacity
of human serum to hemolyse a suspension of sheep rad blood
cells sensitized with its specific antibody. This is an
indirect measurement of serum complement. Complem:snt par-
ticipates in bacterial antigen-antibody response aad reaction
especially those involving gram negative bacilli,

li.The degree andtype of leukocyte and tissue macrochage
migration in response to superficial skin trauma at a site

away from the burned area, The method used . . ., consisted

in scraping a 0.5 x 0.5 cm, segment of epidermis with a scalpel
until the dermis was exposed, Sterile cover slips are sucess=-
ively applied to the site at hourly intervals, thus obtaining
an ‘ifpression smear of the changing cellular exudate,
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This is stained by Wright'!s method and examined microscop-

ically., A killed suspension of the Staph., albus used in the

bactericidal tests is dropped on the wound before applying

the first cover slip. In this way an estimate cen be made

of the phagocytic capacity of the migrating celle,”
Standardization of the testing procedure was accomplished in so
far as possible by evaluating the white cell blood count, blood
sugar and pH and other factors as well as the total bacterial
count per milligram of wound exudate from prescribed representative
areas of the burn wound,

Although not indicative of the total results of the experiment
the results in one of the patients revealed that in thz early post-
burn period (roughly a week) blood cultures were negative when the
blood bactericidal capacity was high even though the c21l response
to peripheral injury was low, Gram negative bacilli then appeared
in the blood stream and this was associated with a risc in the
wound bacterial count, The cell response to the sﬁperficial injury
was below normal and the plasma bactericidal capacity ‘not the
leukocyte-plasma combination) against Staph. species and possibly
against Pseudomonas aeruginosa had fallen to zero although still
effective against E, coli, On the other hand, Staphylococcus
aureus appeared in the blood stream when the plasma bactericidal
capacity against that species had fallen to zero and tle leukocyte
plasma capacity had dropped markedly to “he normal range., At
that time the cell response to injury had improved towsrd normal,

Balch felt that one of his most important findings was the

markedly diminished cell response to superficial skin trauma in
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the early days following burn injury. There was a marled delay
in the appearance of lymphocytes and of lymphocytogenous macro-
phages in the exudates and an absence of eosinophils, The neutro-
phils and mononuclear cells were markedly phagocytic., The peripheral
blood white cell counts are elevated during the period of diminished
cell response in the skin but there is a neutrophilia and a lympho-
penia which does not return to normal as rapidly as does the skin
cell response. The failure of total cell response in —he test
wounds was felt to be possibly due to inadequate peripheral circu=
lation and probably reflected a similar effect in the burn wound,
The absence of the lymphocytes and eosinophils in the wound may
have been due to a stress response and likewise the increased
plasma bactericidal effect against the Staph. species might have
been related to the disolution of the lymphocytes due o the
special steroid stress response seen in a burn, Although the
significance of all of these factors was uncertain, it was felt that
in addition to theirphagocytic function, the lymphocytes had en-
zymes which assisted in the breakdown of proteins and :in the
dissolution of fibrin and participate in the localizat:ion of the
infection, Lymphocytes also manmufacture and probably :elease anti-
bodies during an infectious episode.

In essence it seemed that the appearance of bacteria in the
blood stream is not due to impaired central humero-cel .ular anti-
bacterial defenses but rather to an unfavorable ratio hetween the

defensive cells and bacteria in the peripheral tissue., The
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trapping capacity of the reticulo-endothelial system was seldom
if ever exceded, even in states of shock, (Note the contrast to
McRipley, Garrison and Iiedberg) In reference to the work of Lied-
berg, Balch notes the similar paucity of monomuclear cells in res-
ponse to the injection of Pseudomonas but an effect on plasma
bactericidal eapacity could not be shown. The point was that
caution should be used when correlsting the findings of guinea pigs
with that of humans. Nothing was suggested in the stucy to justify
the theory that there is an impaired antibody response for no
reason could be given to suggest that there is interference with
antibody synthesis.

This problem of impaired body defenses at the peripheral
level is presented in a somewhat hypothetical yet practical manner

by Knisel .15

He presented his arguments by elaboratirg on two
major hypotheses or propositions:
"le A part of the increased susceptibility to the development
of severe infections probably is a direet result of the
enforced postponement of the selective ingestion of bacteria
by phagocytic cells,
2., The fluids now necessarily given to the postburn patients
to save their lives during the post burn circulatory shock
may be postponing or preventing bacteria from entering the
phagocytic cells, ! .
Knisely apparently feels very strongly that this enforced post-
ponement of phagocytosis is very definitely a part of the increased
susceptibility to the development of severe infections :ollowing

burn injuries.
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The arguments to support these propositions are prasented in
a very logical sequential manner, It is pointed out as we all
know that 2 single bacterium is produced zs a member of a pair by
the division of pre-existing organisms. Such an organism may then
fend" its individual existence by dividing into two others, by
being dissolved or lysed within the hostt!s body fluids, or by
being ingested by one or another of several types of phagocytic
cells, It is obviocus, then, that the length of life of such an
organism is dependant upon the time involved before the organism
either divides into two more organisms or is subsequent.y eliminated
by one or more of the body defense mechanisms. This is a very
important foundation for Knisely¥s arguments and should be kept
in mind while evaluating his subsequential phrases., It is also
the basis for criticism in that it implies that either cne or the
other occmrrences takes place, There is no allowance mzde for
those bacteria which remain ¥Ystatic' or those in which c¢ne member
of the pair survives and the other coes not,

Omitting such factors as 'chemotexis," it is than rointed
out that in order that the one single bacterium enter ore phago-
cyte, the bacterium must touch that phagocyte and the phagocyte
st be in a physiological state to receive it. The transport
problem is then introduced; either the bacterium has to go to the
phagocyte, or vice versa, or each one moves and they meet by acci-
dent, Obviously, then, aﬁy %hing which prolongs this transport

time involved before the bacteria can be ingested increases the
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time during which the organism can deplete the hosts rutrition,
pour out endo or exotoxins or divide. Relating to the actual
phagocytosis, it appears that optimunm conditions hmst bs met or
there will be no effective phagocytosis including optimal pH,
optimal histo-chemical cordditions, and apparently the effective
coating of the bacteria by opsonins,

As has already been made apparent, following the ssvere burn,
bacteria rapidly multiply within or under the burned skin and the
subcutaneous tissue, Sooner or later, they begin to invade the
vascular system; and here the information being discussad becomes
more useful., As we have already seen in the previously described
guinea pig and rat experiments, the body effectively removes
bacteria from the blood when it is healthy, hence the transport
time rmst be relatively rapid if we are to accept Knisely's theories,
In all of the experiments we have described to this poinat, the
bacteria have been found in the phagocytes of the spleen, liver,
and bone marrow. After suitable staining procedures a »ink, clear
staining zone can be seen surrounding each bacteria witiin the
phagocyte and this is presumed to be the opsonizing material
which reportedly aides in the phagocytic process.

Probably not all of the hacteria injected into the living
vascular system of a healthy animal are transplanted without delay
to the phagocytes of the spleen, liver and bone marrow. There are
a rmumber of places in which they could become lodged temporarily

and later be released. Some of these places are terminil pulmonary
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arterioles and small vessels in the striated mascles. It is
pointed out that in the case of the latter, the small wvessels

are contracted during the times of relaxation of the maiscle
involved and if the bacteria shoul: awrrive to the muscle during
such a time, they might be expected to remain there for varying
lengths of time only to be released again whenaver activity of the
muscles is restored.

| Several types of evidence indicate that foilowing severe
burns in animals and humans the rates of blood flow are sharply
decreased and the transport times of bacteria in the blood are
then correspondingly prolonged, It is pointed out tha: blood
flowing through small vessels burned by radiant heat irmediately
begins to precipitate and agglutinate. In more severe burns the
whole circulating blood agglutinates and thus slows its rate of
flow., This is the "post-burn sludge" so frequently spoken of, As
the body attempts to pump the stiff sludge through vessels which
are often open and dilated from the very nature of the wound, the
walls of small blood vessels do not get enough oXygen ¢nd dilate
more and leak blood and plasma and thus become impactec. with this
sludge. This often becomes so severe that there is a prompt,
severe and sustained fall in cardiac outmut of about 6¢% which
may appear before there is a fall in bloocd volume. The mean
circulation time may increase to 60% of the pre-burn v:zlue. These
changes may occur by the end of the first or second hour. The

effect on the patients well being is quite apparent.
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It was subsequently found by other workers that a severe
fall in cardiac output is accompanied by a marked decrease in the
rate of blood flow through the liver which amounted to 4L, This
is significant in that it is apparent that the Kupffer cells cannot
remove bacteria from the blood at a rate faster than i is brought
to them, thus prolong further the transport time. Thii is in
agreement with the previously cited work by Artz who showed the
rate of clearance of bacteria from the blood was prolonged by a
factor of two to two and one half. In addition to the prolonged
rate of return to the liver of the blood, temporary or permanent
plugging of the small vessels within this phagocytic orcan may
occur by embolization of the sludge. In effect, part of these
organs are amputated.

If this wasn't enough, the same mechanisms of "sludging” affect
the peripheral phagocytes as well, as evidenced by Ball: who was
previously quoted. Normally some kinds of bacteria within the
circulating blood can under some conditions be ingested by sus-
pended circulating leukocytes. This must normally be ssomewhat
erratic, however, for little is known about the forces of attraction
or other things which cause this to occur. In the absence of
any "special® forces the laws of probability state thai, such
'chance® contact must be rare. Normally white cells do not stick
to the linings of vessel walls, particularly vemule wa’.ls. If
they do, they will remove some of the foreign particulate matter

from the blood passing them. It is not certain whether following
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severe burns white cells attach to the linings of small vemules
and, if so, whether they remove bacteria from the circulating
blood and what the transport and contact times may be.

“Then grxthrocytes are agglutinated, the rates of blood flow
becomee§§£;{%i& reduced., White cells have a lower physical density
than red cells and they tend to float above the layer of red
cells under such conditions. When a stream of thus horizontally
layered blood cells is forced against a fork in a vessel, one
branch of which proceeds mostly downward &nd the other mostly
upward, a higher percentage of the white cells go upwarl, like=-
wise, a higher percentage of the red cells go downward., There
may be further separation of the cells at subsequent brainching.
It also appears that sometimes masses and clots of agglitinated
blood cells settle to the lower sides of vessels and remain
stationary for fairly long periods of time which may extend to
hours. Sometimes they cement together, forming thrombi. It is
plain that pathologic organisms nestled between masses >f blood
cells on the lower sides of such vessels are not being :arried
to the phagocytes of the spleen, bone marrow, and liver and are
often quite isolated from even fairly high concentratiois of white
blood cells high in the horizontally layered flow system above
the settled material. This has been documented in autonsy series
but the frequency, location, time of occurrence or dura:iion is
not known. A similar occurrence apparently takes place in the

lymphatics further complicating the problemn.
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Although previously mentioned, the factor of the 1ate of
miltiplication of the organism is now about to be emphasized.
Depending upon whether they are inhibited in some way by the
environment, bacterial colonies after the initial lag phase, grow
at an almost uninhibited rate known as the logarithmic phase. This
rate excluding envirommental factors is different for each organ-
ism, Among the more rapidly growing bacteria are those: of the
coli-aerogenes group with a generation time of less than twenty
mimites, Staphylococcus and Streptococcus 25-35 mimtes, and
Pseudomonas with 30-40 mimites. The slowest of all is the tubercle
bacillus whose time is extended to 2L hours. This factor assumes
rather astronomical proportions if we take, for example:;, an
organism with a generation time of 30 minutes and prolong its
transport time to three hours, the original organism cculd become
26 or 6L organisms. If we prolong the time to 24 hour: and the
organism were free to multiply ad 1lib, which is not rezlly the case,
the organism would become 2LL8 or 281,474,976,710,65611! Thile
it would be erroneous to take it for granted that such things of
such great proportions happen unimpeded, the principle is never-
the-less sound and is probably a sound basis for the problem of
infection. Of equal importance, these theories of Knisely do not,
for the most part, contradict those of most other workers and, in
fact, is formed on principles established by some of tlem,
Knisely!s theory that intravenous therapeutic fluids may

interfere with, retard, postpone, or prevent phagocytosis of
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of pathologic orgamnisms is somewhat startling. Althouzh the
burned patient may have his life saved with the intravznous
fluids such as saline, glucose, plasma expanders, plasma, or
even whole blood and that after the prevention of the :irculatory
shock, the patient rapidly develops an overwhelming in’ection and
bacteremia. Knisely feels that there may be a cause a:id effect
relationship here., It is imaginable that the injection of saline,
glucose, or other solutions may dilute the plasma of the patient
to the point where the opsonizing proteins cannot prec:pitate from
the plasma on to the surface of bacteria in amounts adequate to
give the surface of one organism or each organism a corplete
opsonizing coating.

It may also be that the solutions given in the positburn
period may alter the surfaces of phagocytes in such a f'ashion
that the phagocyte surface cannot play its part in the ingestion
process. This may be due to the alteration of surface tensions
or other unknown factors thought to be present as part of the
process of phagocytosis. Whether this in fact occurs cr not is
not at the present time known with any degree of certainty, but
it makes for interesting discussion and is thought provoking.

It will be remembered that Kefalideslh

noted a fall in gamma globw-
ulins in the first week after the burn which may be due to the
accumulation of plasma components in the interstitial spaces around

the burn and made worse by fluid therapy.
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VvV IMMUNOLOGIC ASPECTS OF INFECTION
Up to this point the center of discussion has been con-
cerned with what may be called chiefly the mechanical aspects
of Pseudomonas infection in the burned patient., It has become
apparent that there must be other elements involved, namely an
alteration in the immnologic make up of the burned pabtient.
Immnology is at least indirectly inwvolved with any discussion
of infection, mechanical or otherwise, thether altera:ions of the
body?¥s immnology per se has any bearing on the aspect of
infection whether to increase the chances or to decrease them,
will now be discussed, If there are alterations in a particular
aspect, for example gamma globulin, the therepeutic uses if any
will be discussed whether in a preventative, curative, or combined
approach. The sequence of the following discu.ssion is somewhat
arbitrarily arranged but such an approach is necessary for in this
area m'uch,progress is being made and it i: becoming apparent that
much inter-relationship between factors exists, It may be such a
thing that all of the following substances oire their activity to a
common yet unknown substance,
A, THE BURN TOXIN THEORY
Much of the present day work being done on burn toains is
<.unfortunately being done in Russia and the results are not available

for this study.
Historical Aspects

According to Matterl® and Bailey2 most of the early work done

in this field was done in the irmediate period followinz the Civil
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Var and was apparently done in the United States. Wertheim in
1868 and Avdakoff in 1876 studied the effects of injections of
blood from burned into unburned animals and both observed that
toxicity occurred. Brancati in 1923 adwvanced the theory of an
antigenic toxin elaborated in burned tissue on the basis of anaphyl—
actic shock in guinea pigs subjected to small experime:rtal burns.
Schutz in 1935 in Russia mentioned what appears to be -—he first
therapeutic use of comvalescent serum. In the United Htates,
Rosenthal in 1937 described the presence of a toxin in the blood
of burned experimental animals and human beings, and lster in
the same year described a corresponding antitoxin, He first described
that a diffusate of burned skin was lethal for mice and rats and that
precipitins were produced against this toxin after injection into a
rabbit., Muring the 1950's the Soviets demon—strated in vivo
evidence for specific antigens produced from
skin-injured by thermal trauma and for the development of burn
toxin antibodies as an autoimmmunization phenomenon. The: antigen
was described as being a thrombin~like material, heat l:bile,
incapable of passing through a Seitz filter, and not species specific.
According to these workers, in the presence of antigen from burned
skin, serum of burned dogs showed an ability to fix complement,
using the prolonged cold complement fixation test, whereas tests
with normal skin extracts from the same animals were weal: or nerative.
The complement fixation tests became positive on the seventh post burn

day and reached a maxdmur: titer in about 20-40 days. It was
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‘found during dog experiments that improvement of toxemi.c symp:toms
and in early mortality was obtained by the use of convalescent
burn serum.

Rosenthal in 1962 revorted that serum from patien:s up to
sixteen days after burning inhibited Hela cells in fouteen of
fifteen cases, while, following transfusion with healed burn
donor blood the toxicity to Hela c¢ells disappeared. O:hers were
unable to duplicate his results., Rosenthal used convalescent
burn serum after the 1958 Chicago school fire and clained dramatic
results. Others have been unable to duplicate these rasults although
certain Russian workers are in agreement. Many of the studies
on the protective qualities of the convelescent burn szrum were
characterized by early degrees of enthusiam only later to be
dampened by failure when the mortality figures were conpared and
statistical significance computed.

Report of the Study

2
In a studv Bailey (who set out to confirm or refute the

value of convalescent serum in burned animals, to determine the
specificity, and to find out under what circumstances immunity
could be oproduced,) did a series of con:rolled rat exreriments
involving controlled degree of burns, active and passive immunity,
and other factors. Under the controlled conditions of his experi-
ment. he found that the rat is capable of developing active immunity
to scalding and that convalescent serum from previously scalded

rats exerts a marked protective influence on other scelded rats.
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After a severe scald this immunity reached a surprisirgly useful
level after about three months., This response was not produced

by other forms of trauma. He also found that toxic but not lethal
effects were produced by injection of scalded skin extract and serum
from severely scalded rats, After a month these injections

produce a degree of immmnity which enables their serum to proteect
other scalded rats. The effective period after a major scald is
about three months, Only when the rat showed obvious signs of survi
val from his burns did Bailey find the titer to b: of anyvalue., He
did not state whether he thought that those who didn't survive died
because they didnt!t develor an irmunity.

Bailey states, however, that although "subjective' well-
being and prolongation of life were obtained, immne serum did
not prevent eventual mortality. He felt that many of the deaths
of his subjects may have been due to the obvious problems of giving
fluids to rats, In projecting his results to humans, Hailey feels
that since most burn centers have no great problem wit! earlydeath,
the prevention of early deaths by his burn serur. might not be of any
great value.

In a later study done by Matter and others including Bailey21
something happened which complicated many factors of the previous
experiments and gave results which were somewhat less clear. In
this study, the format of which was similar to the previous one,
many of the rats survived the trauma irrespective of th:z form of

previoas therapy. Matter and the others felt that ther: was no
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or at least insufficient evidence to demonstrate any p:rotective
effect of the convalescent serum. Since most of the late deaths
were associated with local infection or with immobilit; from *the
constricting effect of the burn eschar which resulted i.n inadequate
food and fluid intake, it was believed that the test was not suited
for estimation of effects of the antisera on ultimate survival.,
These men furthermore felt that if a specific burn toxin does exist,
it must be related to morbid rather than lethal factors.

They conclude by admitting that a oonsensus of workers in this
country is that "there are indications . . . that specific anti-
microbial antibodies may be present in the blood of organisms
which have recovered from infected burn wounds. It is within the
realm of possibility that beneficial effects might result from
transfusions of blood, plasma, or serum from a donor possessing
antibodies which react specifically against microorganisms infect-
ing a recently burned organism.! It would appear from this state-
ment that protection from infection is what is needed a:id gained
from exposure to burns rather than protection against tiie toxicity
of the burned skin.

Millican and Rosanthal'22 in comparing the effects of chlor-
amphenicol, human gamma globulin and burn convalescent sierum on
the late deaths in burned mice found all three elements to be
effective in increasing the survival over a three week reriod.
Their burned serum was obtained from the animals three to eight

weeks after injury and pooled preparations were used. The serea
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thus obtained was found to be effective in about 80% of the experi-
ments which wers similar to those of Bailey and lMatter., Gamma
globulin was found to be effective in only about 503 of the cases
and furthermore did not last for more than about a weei, although
there was no difference between the two substances during the
first week.

As will be explained later in the discussion of gimma2 globu-
1lin, the protective effect of this substance is apparently related
to the content of antibodies specific for the bacteria involved.
With comvalescent serum it is not clear whether its therapeutic
effect is related to its content of gaxmm.globulin or whether it
is due to some other substance such as properdin and other non-
specific factors. As has been shown, some claim that the thera-
peutic effects of convalescent serum is attributed to thre content
of antitoxins effective against toxins derived from the burn
injury. These workers apparently feel the effect is secondary to
the protection from bacterial infection and is thus con:rary to
the beliefs of Rosenthal and Matter

Present status

Thus the battle rages and seems still to be raging. There
are claims, counter-claims, and even cold war politiecs involved in
evaluations. Although marny of the variables may be due to the
method of detection and obtaining the tox:in and anti-toxin, there
is no agreement as to what they are when they are

obtained and if they protect, it is not known against what.
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It would appear that rmch further research and-experience needs to
be done before the value of the use of convalescent antisera can
be definitely established. The history of burns and therapy is
marked by many forms of treatment which were at first ccclaimed
but in the end proved to be disappointing. By note of contrast,
the cold water method treatment, which is probably the oldest form
of therapy known, was abandoned marny yeax»s ago but only within the
last few years has been in common use again in anypiace except the

home where its use probably began.

B. GAMMA GLOBULIN

Historical aspects

It follows in sequence that if burn anti-sera, plasma, and
blood are effective in the treatment of burns there rust be some
element common to each which is the effective agent. There are
those who believe that it is the gamma globulin fraction.

Compared to some of the other studies on blood and burns,
gamma globulin is a relatiwely recent addition., According to Fisher
and Mlanning8 it was first demonstrated in 1947 by Camersn that
gamma globulin isolated from various animal species exhibited
therapeutic activity in mice infected with animal patho:zens.
Yore specifically, he found that the gamma globulin from each
species was active against the organisms pathogenid for that
species. Later, Sonea demonstrated the effectiveness o:’ human
gamma globulin in a staphylococcal mouse infection. Rosenthal

later found similar activity in human globulin against P’seudomonas
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aeruginosa and other organisms. Fisher in his work on mice found the
substance to be effective against thkis organism ani various
staphylococcal and streptococcal organisms as well. H2 also
demonstrated and described the synergizing activity of gamma glob-
ulin and chloramphenicol in these infections. Millican found
that human gamma globulin protected mice against species of
Pseudomonas, Escherichia, Proteus, Aerobacter, and Micirococcus.
Finally, it was shown by Fisher and Manning that the therapeutic
action of gamma globulin could be ascribed to its content of specific
bacterial antibodies.

Revort of study

8
Fisher and Manning , who are among <he early pioneers of theuse

of gamma globulin, found this substance to be extremely useful in the
treatment of bacterial infections in mic which were experi-mentally
infected with various organisms. including Pseudomonas,
Staphylococcus aureus, Proteus, and Klebsiella and Escherichia coli.
Of interest here, they found the 50% curative dose to be three to
twelve milligrams of gamma globulin per kilogram of body weight
for the staphylococcal species but the dose was raised to 40-50 mg/kg
for the Pseudomonas aeruginosa strains. By way of contrast some
of the Proteus species needed up to 2,00C mg./kg. for tie 50%
curative dose,

Absorption experiments have indicated that the activity of gamma
globulin is largely or entirely due to the presence of specific
antibodies, the potency of the substance used :.n theexperiment

reflects a lifetime of contact of the donors with the
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bacteria in question. This is substantiated by the fzct that the
organisms most sensitive to the use of gamma globulin were those
which were commonly found in or on the body.

Other important pioneers who have contirmed their work and
applied their findings to the burned pa%*ients are Rosenthal,
Millican, and Rust. In some of their work?? they use cortisone to
make mice more succeptible to infection from Pseudomonas
innoculated intraperitoneally, Human gamma globulin was then

injected intraperitoneally, intramscularly or intravenously. They

found that relatively small doses of gamma globulin (0.4 ml,) gave
complete protection against the infection. This idose

gave complete protection against ten fold im creases in doses of

organisms over that of the controls., Citrated plasma zave a lesser
degree of protection consistent with its gamma 32lobulin content.
Human serum albumin gave little or no protection against fatal
infection. These men also found that burns incriased the control
groups susceptibility to the infection but tha: the

garmma globulin gave a protection which was almost equal to that of
the control group. They point out that the work of some people
who feel the effect is due to the properdin system are in error,
for this substance is not found in gamma globulin.

The same workers later extended their work to other bacterial
species, They used mucin to enhance the infection in this series
which made the infection more rapidly fatal than the previous
use of cortisons. They confirmed the effectiveness of mumzn

gamma
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globulin against Pseudomonas and also found that protection was
enhanced with the use of tetracycline but that the latwer substance
enhanced the protection afforded by plasma more than i* did gamma
globulin., Their basic conclusion was that gamma globul.in was
effective against gram negative and positive organisms, a feeling
which is not universal among workers in the field. It is again
pointed out that the degree of protection is proportional to the
degree of exposure of the animal or human donating the gamma
globulin or the substance from which it is extracted,

Chloramphenicol, gamma globulin and convalescent sierum were
later compared.23 In this study, the chloramphenicol iwas found to
be the most effective in lowering mortality. Similar, but less
marked, effects were found using the other two substances. As
previously stated in the section on the use of convalescent sera
it was found that gamma glotulin was effective in the first week
only but that the convalescent serum protection extended to three
weeks. The gamma globulin used was human and thus foreign to the
animals used in the experiment and thus represented a foreign protein
whose rapid disappearance might be expected., This mist also be
a factor in their previously described experimant.22 It will be
remembered that they found gamma globulin effective in prolonging
three week survival in only 50% of the animals compared to 80%
for chloramphenicol and convalescent serum.

A large amount of work is also being done by Kefalides and

his co-workers including Rosenthal on the use of plasma, gamma
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13-14
globulin, albumin, and saline therapy in human burns. In
13

their first study they point out that -he work of previous men
has shown that large amounts of saline were as effective as pilasma
in the treatment of burn shock in adults. In children, plasma in
addition to the saline solution appeared to be superior to saiine
solutions alone, as far as both mortality from shock ard delayed
deaths were concerned. They feel furthermore, as we have triedto
illuminate in this paper, that modern treatment of shock has
reduced the acute mortality from burns bnt that the late mortality
remains larely unaffected. Provhvlactic and therapeutic use cof
antibiotics has shown little value in the sevticemias that fnllow
burn trauma. In their studv thev attemvted to point out that
infection vlays an important vart in the actue as well as the
delayed deaths in children. Because Pseudomonas infection plays
such an important mart in the cause of death ir their study, thev
had the chance to study this organism very closely.

Evaluation was carred out in burned children using plasma,

gamma globulin, or both comhined with saline solution tierapy,
as commared with serum albumin and saline solution, or #ith saline
alone, All were administered during the early period after the
trauma. Their intention was to attempt {o determine if the suver-
iority of plasma was due to the colloids or to the antiodies
contained in the nlasma. Similar orophylaxis with antijsioticswas

used in all cases,
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The control groups {saline solution alone and comvined with
albumin) were compared with those receiving antibodies, as either
plasma or gamma globulin or both. The addition of albumin to
saline solution did not significantly influence the shoci mortality.
A1l groups receiving plasma or gamma globulin, except “hose receiving
saline solution combined with gamma globulin, showed a significant
decrease in mortality when compared with the combination control
groups; the lowest value was in the group receiving sa’ine solution
and plasma and gamma globulin. It was noted that the cecrease was
obtained not only in relatively minor burns (20-30%) but also in
much more extensive cases., The inability of the saline: combined
with gamma globulin to reduce the mortality was attributed to the
small rmmber of cases involved, however it may have been due to
the fact that the combination of gamma globulin and albumin can
reduce shock mortality whereas either alone is ineffective.

It was also shown that in burns greater than 507 garma globulin
is somewhat less effective than plasma but not sipnificantly more
so. This, besides to differences in sam»>ling, may have been due
to the slow rate of absorption of IM gamma globulin., It was also
noted that the most beneficial effects of plasma and gemma globulin
was to be noted on the second day, with little or no difference
from the controls on the first 2l hours. They then asstme, rightly
I think, that some beneficial effect mmst have been actieved as
soon as the second day and that there mast be at least some ele-

ment of infection present at that time.
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Somewh at different resultis were noted in the effects on
delayed deaths or those occurring at least 60 hours a:ter the
trauma., It was found that in burns of 10-30% a signi:‘icant vro-

tection was achieved but that this effect diminished &s the

severity of the burn increased. Some of the late deaths were aue‘to
other factors besides infection, however. There were dimini.shed
numbers of septicemias, again most marked in the 10-30% burn groun,
It was also found that children under six and particular.y thos=
under three benefited the most from all gamma globulin'containing

therapvy, whatever the form.

The woung child with extensive burns appears to behave like
a prematvwre child, immunoloéically sweaking, He becories mor:
suscevtible to invasion by organisms of relatively low virulence.
This was felt to be the basis for the good results obtained with
the glohulin containing solutions. This thenomenon seems to be
peculiar to bﬁrn trauma, for nseudomonas senticemia hé.s not geen
observed on the children on a neiéhborinp ward with other tvnes
of traumatic injuries. The reduction in delayed mortelitr fromthe
use of plasma or gamma globulin or both was due to vrimarily
a decrease ir pseudomonas seﬁticemia and that this efi'ect was due
to specific antibodies present against this organism ;n the “herapv
given, This was not seedlin similar work done on adults.,

In their later work  these same authors attemﬁt to show the
relationshiﬁ between age, serum gamma globulin levels and the

" freauencv of fatal sewticemias in a series of matients who
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received saline alone or combinations of it with albumin, plasma
and/or gamma globulin on an alternate case basis. The gamma
globulin was given in a dosage of the standard prepartion of 1 mi.
per kilogram body weight IM on admission and repeated ¢n the %third
and the fifth day. Gamme globulin determinations were made on
serur drawn within three hours after burning and on the third
and fifth day. Gamma globulin determinations were alsc done on
these patients on the seventh, ninth, eleventh, and thirteenth day
after admission. Hemagglutinating antibodies to pseudcmonas were
determined on the day of admission in 41 normal and burned children.
It will be recalled from our previous diseussion that the most
frequently cultured organism was the staphylococcus (31.5%) and that
pseudomonas was next with 21.6%, These organisms rapidly colonized
the skin in over 65% of the patients as early as the thkird day in
spite of contimed prophylactic antibiotics, and in the presence
of this fact, resistant strains of these two organisms rapidly
developed. Pseudomonas septicemias were significantly reduced in
all therapy groups that received plasma and/or gamma globulin.
Again, the effect was most marked in burns of up to 30%. UMNo effect
was noted on septicemias due to pseudomonas when gamma globulin was
added to the plasma, but their mortality rate was reducsd in all
groups receiving the latter.

The gamma globulin levels in these patients was foaind to be
Cdecreased during the first week regardless of the type of therapy

or age group of the patient. The lowest levels were sezn between
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the third and the fifth day., It was notzd that in the Ol age
group that therapy with saline solution in combination with gamma
globulin and plasma maintained the highest serum gamma globulin
titers. In children of the L-12 age group, low gamme globulin levels
were maintained up to the seventh day, with a rise to edmission
levels by the ninth day. The early drop may have been due to
hemodilution secondary to fluid therapy. The highest rumbers of
septicemias were likewise seen between the third and fifth day
when the gamma globulin level was at its lowest ebb, Cf all
septicemias, 85% were observed between the third and the sixth
day. The frequency of septicemia deaths was also found to be
inversely proportional to the pseudomonas antibody titer. Although
the lowest gamma globulin levels were found in those less than six
years of age, it would appear that it is not the absolute gamma
globulin concentration that is the important factarbut that the
antibody against Fseudomonas is, Similar reports on thiz use of
garma globulin either alone or to potentiate antibiotics is to be
found in the work of other researchers in this field.s';'i"g‘as-36

Present status

It is fairly apparent that the use of gamma globulin in the
burned patient contributes to the lessening of the mortslity
although a similar effect may be found with plasma or blood. If
used, gamma globulin should be used before the third to the
sixth day when the levels are lowest after the burn injvry.

Since gamma globulin owes its activity to specific antitody which

increases with age, it should be used mostly in childrer.
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C. PSEUDOMONAS ANTISERA

Historical aspects

It follows that if the beneficial effects of garmma globulin
are due to the pseudomonas antibody titer present, why not use the
specific substance? In the past certain investigators have des-
cribed sera which, as indicated by the results of protection tests,
apparently contain significant amounts of antibody but which fail
to show the presence of specific agglutinins or precipitans in
vitro, Chow, 1936 and Boyd, 1947, Jackson and Hartman in 1927
were apparently the first to use Pseudomonas antisera :in their
treatment of Pseudomonas keratitis. IMention has already been
made of those workers who in 1957 felt that certain factors in human
garma globulin made it useful in the protection fronm Pseudomonas
infection., These men were Rosenthall, Fisher, Manning, Millican
and Rust. Perez-Alva and Bazan (1957) in preliminary studies have
used antiserum therapy with encouraging results in a small rmmber
of burned patients with Pseudomonas septicemia.

Report of the Study

Although from the above material it is apparent tkat it has
been long known that among the members of any given animal species
many who are in good health have in their sera components which
will react specifically with a variety of organisms or osther
antigens invitro. It remained for Gaines and Landy9 to demonstrate
that by means of a hemagglutination procedure, antibody against

Pseudomonas aeruginosa is demonstrable irn the sera of normal human
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beings which was not demonstrable by the comventional bacterial
agglutination tests.

In the study it was found that more than 90% of sera from
individuals over two years of age showed antibody titers ranging
from 1:7.5 to 1:960 while antibody could not be detected in the
majority of infants under one year of age. Furthermore the anti-
body, by means of absorption tests,was found to be species and
strain specific., Although the antibody reacted with the organisms
demonstrable agglutination was not seen in the majoriti- of cases
for some unknown reason. No incomplete or blocking antibody was
fourd by the Coombs or Coca and Kelley technigue. The important
aspect was that the antibody did exist almost universally in humans
and suggests that man may come in contact with and develop imrmino-
logicel response to this organism to a greater degree than was
previocusly thought.

2k

Iillican and Rust = found that serum from rabbits immnized
with Pseudomonas aeruginosa is very effective in protecting mice
against death from infection and that it is several hundred times
more effective than human gamma globulin. Gaines and Landy9 pointed
out that rabbits were able to agglutinate this organ®sr in vitro
while humans were not. Millican and Rust found that in infections
oL fatal to control mice, treatment with normal serum (0.01-1 ml)
nroduced survivals of 0-15%, while treatment with antiserum (10'?
10'h ml.) produced survivals of 30-100%. Moreover, when the

organism dese was increased 10 to 100 fold, protection by the

antiserum was also demonstrable. Maximal effect was observed
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antiserum was given prophylactically., TUnder these corditions of
administration, antiserum, given I, IV, or Sub @, was about
one~-tenth and one-hundredthq as effective as antiserum given
intraperitoneally. When given optimally, the comparitive effect-
iveness of the antisera was found to be 230 to 780 timss greater
than human garmma globulin. The effect was found to be present
even when the mice were burned and the infection with the Pseudo-~
monas organisms was imnoculated intraperitoneally..

Graber and his fellow WorkerslO attempted to determine if anti-
body in the sera of burned and unburned individuals was protective
for mice against induced fatal pseudormonas infection. Two types
of antibody were studied: a naturally occurring hemagglutin to
Pseudomonas polysaccharide (PC-9) demonstrated to be present in
all healthy adult sera, and an immne agglutinin which i~ presént
presunably only in the infected people. Single serum samples
were obtained from 10 unburned Iumans while sequential sera
were drawn from a total of 10 burned patients.,

It was found that mice injected with a lethal dose: of Pseudo-
monas aeruginosa and innoculated with sera obtained frcm ten normal
individuals whose hemagglutin titer was 1:25 had a 50% mortality
when the serum was used undiluted and a sharp decline was noted
after dilution. Twenty two sera obtained from burned patients
ranging from day of admission to the fifteenth postburr day
having a hemagglutinin titer from 1:9 to 1:22 demonstrated equally

poor results. Burn sera from the 8-15 day post burn generally
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possesed the same gqualities of protecticn as the nonburn sera.
The best results were observed in those sera obtained :mmediately

after death where although the undiluted sera from this group were
)

lessened in their effectiveness than the nonburn sera, a 10
dilution still protected 23% of the animals.

These authors feel it is difficult %o asses the significance
of elevated anti-pseudomonas titers in the burn patient. In
previous workers who noted an association of greatly elevated
titers with greater graft failure and hirzher mortalitv, comment
is made that the association may be nothineg more than a reflection
of the severity and extension of the burn area. In animal
experiments it was noted by contrast tha® smaller intradermal
lesions in rabbits occurred when the cha’lenging organism was
the immunizing strain.

Present Status

This is the area in which most of tre vpresent work is being
done and hence some of the results may seem to be somewnat contro-
versial. Perhaps the best that can be said is that Hosznthal is
using some form of crude anti~sera in his work in Peru. A worker
in the U.S, is at the present time preparing human pseulomonas
antisera made by injecting the killed organisms into human subjects.
Tt is presumed that he will in some way test its protec-ive qualities.
It should be extremely interesting to follow his work as well as
that of Rosenthal. In so far as I am able to determine. his work

has not been published and is not available for this paper.
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CHAPTER IV

SUMMARY AND CONCLUSIONS

Summary

The problem of the pathogenesis of Pseudomonas aeruginoaa
infection in the burned patient has been surveyed. Emphasis was
made on the incidence of infection, relative incidence of Pseudo-
monas infection, mortality figures, causes of death, tjpes of
infection and pathology and a final chapter on alterations in
the host defense mechanisms making infection possible. In this
chapter, emphasis was made on the pathogenesis and sequence of
infection, mechanical alterations in the host defense, metabolic
alterations, cellular alterations and finally immunological alter=
ations.

The theme of the paper was centered around the premise that
Pseudomonas aeruginosa, an organism of usual low virulence, is
becoming a much more frequent pathogen in the burned patient, to
the point that burn mortality figures are much the same: now as
they were a hundred years ago.

It was found that in what seemed to be a typical study, that
the mortality rate of hospitalized burned patients was 15,27,
one third of whom died of injuries to less than LO% of the body area.
Two thirds of the series died of infection and of the cleaths caused
by infection septicemia was responsible for 75%. Pseucomonas
was responsible for a large percentage of these deaths and in

another series was found to cause from 71-75% of all septicemias.,
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Septicemia with metastatic spread of the infecticn seems
to be the most common type of infection. A localized skin
lesion is probably the prodromal stage which later becomes hemo~
rrhagic and then spreads to the viscera. Nost infections including
septicemias begin with a localized skin infection, probably in
the hair follicles, which spreads to the eschar and evantually
into the blodd stream after invasion of surrounding viable tissue.
Although loss of skin integrity is the basic defe:t in the
host defense mechanism, other factors are involved including prolonged
negative nitrogen balance. It has been shown that buried animals
are more susceptible to infection than the non-burned ind the
burn shock is probably responsible, This results in the decreased
function of bhe R.E. system and loss of integrity of the blood
vessels both due to the nature of the woynd and to a fall in
cardiac output thus impeding and slowing circulation. The result
is a delayed skin response to infection (perhaps in part due to
adrenal "stress" reaction) and slowing of phagocytosis at the skin
level., Impairment of the blood flow causes or allows tacteria a
greater period of time to multiply before they come into contact
with the body phagocytes allowing them to multiply in great mumbers.
This is in part due to the post burn '"sludge."
Iimmnologic features were also discussed. It appears that there
may be a substance produced by the toxic effect of the burn which
is antigenic and may protect against future burn toxicity both actively
and passively. It may be due to a gamma globulin and may be the

reason for the protection against infection afforded by that substance.
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Gamma elobulin has been skown to rrovide sood vriteciion

against infection when used prophvlactically, especially in the
child. Its effect is probably due to a marticularly srecific
anti-bacterial substance in it which increases in amounts with
increased exvosure to the particular organism., 7Tt seems iikely
that it would be most useful in the woing, and most tseful hetween
the third and the sixth day when gamma globulin levels fall in

the burned watient.

Tt aprears that there appears in animals and man a specific
antibodv against many of the organisms of nature including I'seudo-
monas aeruginosa. This antibody has been shown to be nearly
iniversal in humans. Its effect is scmewhat controversial in
that it is not universally accented that wvassive immuiitv can
be achieved. If it can, it mav or may not be a voten: protector
against Pseudomonas. Tt is also gquesticnable whether its level
rises in the post burn state and if it does whether i, is srecific
against the organism in question.

Conclusion

The increasine incidence of infection by Pseudomonas aeruginosa
reflects some stress in the matient, of which alteration of his
defense against infection is prominant. Loss of intesrity of
the skin is the most basis factor. There avrvears to te some
disturbance in ahility to over come infeetion when it occurs.

This is probably due to the decreased circulation of tlood ceaused
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bv fall in cardiac outout which is furtrer inhibited b: decreased
effective circulation caused in vart bv increased capillary rermea-
bility complicated by the burn "sludge." All contribu.e todelayed
whagocvtosis,

There also aprears to be a disburbaace in the immunologic
structure of the burned patient. It is 1otclear whether this
is caused by the burn per se or bv the following infection.

Ttis likewise unclear whether this increases or decreases the
possibility of infection or whether it 1% a nonspecific resvorse.
Tn anv case, it can be shown that there is a fall in the

gamma globulin level during the first week and this substance

is vrobably useful in the prevention of infection, espe:ially

in the young vpatient.

Tt is likely that the increasine incidence of infection bv
Pseudomonas 18 due to all of these factors but also prohablv
reflects a changing flora on the wound which is in vart caused
by the increasing use of provhyvlacticantibiotics which subpress the
"normal® burn flora and allow organisms of low virulence to emerge
which are resistant to the antibiot.ics. Why this should

be Pseudomonas aeruginosa is unclear at this time,
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