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FOREWORD

Over 100,000 burn patients require hospital care in the United States
annually. The admission of over 2,000 burn patients to the US Army Burn
Facility in Japan in 1967-1969, including over 1,100 patients in CY-68
alone, gives indication of the magnitude and seriousness of thermal in-
jury as a military medical problem. A severe burn adversely affects every
organ system and presents, usually in exaggerated form, all the patho-
physiologic changes that occur in patients with lesser forms of trauma. The
study of burn injury in man or locboratory animals, therefore, would seem
to require no further justification, since the information generated has not
only military relevance by definition but can be and, in fact, has been
directly applied to all forms of trauma as a contribution to national health
care. Certainly the best example of the economic and medical effective-
ness of regional care is this burn center, established by the US Army
in 1947,

A recurring preoccupation with what are called "key words" and statements
of relevance would only difute the above facts, since an extensive burn is
widely recognized as the most severe injury to which man is liable. In fact,
recent inquiries suggesting that computer modeling can substitute for human
or animal studies provide an excelient example of how "perception" can be
dulled by unwarranted use of modish words and phrases by those with
vested interests and no familiarity with the actual problems. Such in vitro
modeling, as should be obvious to all, is only possible when the precise in-
teractions of all variables are known with certainty--a situation which

does not exist today. Animal studies are not carried out for their own sake
but for what can be applied to burned man to reduce death and disability.
To those of us who care for burn patients, the goal-directed research and
clinical care activities reported in this volume appear not only of unques-
tioned military relevance but of potential benefit to all trauma patients.

/gau//“/ﬁuzyi

Colonel,
Commander & Director
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Two hundred and fourty-four patients with thermal injury were admit-

ted to the Clinical Division of the United States Army institute of
Surgical Research during the calendar year of 1974. The Institute of

. Surgical Research's main emphasis continues to be providing optimal care

: to military personnel and civilians with major thermal injuries. Clinical
investigation has continued into the physiology, biochemical and bacterio-
logic aspects of thermal injury. In addition a new facet has been added
to our care of the thermally injured patient in that early definitive
plastic reconstruction has been undertaken in healed patients prior to
their discharge, and a small group of patients have been selected for
long term rehabilitation and reconstruction. During the calendar year of
1974 23 separate patients were admitted electively for reconstructive
procedures. The personnel of this urit have also participated in many
education programs both military and civilian. This report summarizes
the activity of the Clinical Division of the United States Army Institute
of Surgical Research in 1974 and cites the recognizable complications
which have contributed to mortality and morbidity in burn patients. Clin-
ical evaluations have been carried out of post-burn pulmonary changes, the
metabolic response of the patient to his injury, biologic dressings,
synthetic dressings, electrolyte changes in the post-burn period, high




voltage injury, post burn protein metabolism, Laser excision of burns,
gastroesophageal endoscopy, enzymatic debridement; and a comparison
made of sulfamylon verses silver sulfadiazine as a topical agent.

1974 14b patients were air evacuated by the ISR burn team or 61% of all

admissions.

Thermal injury
Topical therapy
Autograft
Homograft

Heterograft
Resuscitation
Air evacuation
Mortality

In




CLIMICAL OPEZRATION, CEHNTER FOR TREATHENT
OF BURNED SOLDIERS

The Clinical Division of the United States Army institute of
Surgical Research continued through the year of 197l to have as its 3
primary objective the provision of clinical care for thermally injured ‘
soldiers. The number of admissions declined from 261 in 1973 to 24k
patients in 1974,

in 1974 there were a total of 113 aeromedical evacuation flights,
109 of these were CORUS flights (within the Continental United States)
with 14h patients evacuated. A1)l patients within a radius of 200 miles
of Brooke Army Medical Center requiring air evacuation were transported i
by helicopter. There were 27 flights for that purpose. There were 4 i3
flichts outside of the Continental United States all to Alaska.
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CLINICAL MANAGE!ENT

In depth description of the managerment of patients with thermal
injury as practiced by this Institute are found in previous Annual
Yeports and in numerous scientific publications. Therefore the following
remarks will be limited to new and current methods of clinical therapy.

gt de i en
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The most significant change in burn therapy at the Institute of
Surgical Research during the calendar year of 1974 was a result of a
comparison study of sulfamylon versus silver sulfadiazine as the initial
topical antimicrobial agent. The initial study consisted of 84 patients
ranaged by burn size and age and randomized in pairs. One member of
each pair receiving sulfamylon the other receiving silver sulfadiazine.
The LA 50 was 20% better in the 15 to 40 age aroup in those patients
treated with silver sulfadiazine than the sulfamylon treated patients.
It was therefore elected in July of 1974 to use silver sulfadiazine as
the initial topical antimicrobial agent. Through the remainder of 197k
silver sulfadiazine was used exclusively and at the end of the year the
LA 50 was still in excess of 63.5% in the 15 to 40 age group with the
inclusion of all inhalation injuries.

The pulmonary complications which have continued to cause morbidity
and mortality early in the course of the thermally injured patient are
less frequently seen in the silver sulfadiazine treated patient. Silver
sulfadiazine offers poor bacteriologic control of the burn wound so that
patients with extensive burns (thosc over 65 to 70% with a large third
decree component) pursue a septic course starting two to three weeks post
burn. It is our opinion at present that although sulfamylon offers
better bacteriologic control of the burn wound it accentuates hyperventi=-
lation in the early burn period especially immediately after resuscitation
in those with burns over 30%. This appears to result from either carbonic
anhydrase inhibition or an as yet unidentified activity and sucgests that
sul famylon should be erployed cautiously if at 211 in the early post-burn
pericd.




The ])3Xenon Tung scan continues to be a useful diacnostic modality
for acute inhalation injuries. Althouch a small number of false positive
and false necative scans have beer identified, these patients can usually
be separated on clinical grounds and bronchoscopic findings. PRecently the
norphologic chanaes in the tracheobronchial tree resulting from inhalation
injury have been evaluated by fiberoptic bronchoscopoy. Large airway
chemical tracheobronchiti?Bgas been identified as a2 variant of inhalation
injury in the absence of Xenon scintiphotographic parenchymal changes
resulting from the inhalaticn of products of incomplete combustion. ‘ith
the two rmodalities the inhalation injury can be divided anatomically
into a large ainray injury and parenchymal injury. At present an investi-
ration is underway to assess the efficacy of systemic steroids adninister-
ed in high doses within the first 72 hours post inhalation injury. Routine
chest roentgenograpnhy, fiberoptic bronchoscopy, 133¥enon lung scan and
pulmonary function studies are being used to evaluate diagnostic accuracy
and the effect of treatnent on inhalation injury.

An evaluation of Sutilain enzymatic debridement of burned hands has
been completed. The basic findings were that there was rapid dissolution
of the surface of the eschar in the enzyme treated hand, however, a
sraftable wound bed was achieved no more rapidly than if safine soaks had
been used since the enzyme appears to be ineffective in removing deep
dermal elerents and necrotic fat. The only use of enzymatic debridement
for burned hands is for softening the eschar more rapidly. Such a use
may be an alternative to digital escharotomy.

~lucose kinetics have been determined in ¢ patients following
thermal injury usino a computerized one pool rodel to analyze data gen-
erated from intravenous and oral clucose tolerance curves. %Glucose
production is increased to 3 to 4 times normal between the seventh and
fifteenth day post injury and then decreases to normal with closure of
the burn wound. The hyperglycemia seen during the post injury period is
related to increased glucose production not decreased glucose disap-
pearance. This is in marked contrast to the clucose kinetics during the
resuscitation period or septic episodes which are characterized by pro-
longed disappearance of the clucose from the clucose space and minimally
etevated clucose production.

Juring 1974 research has continued in an effort to modify the
central nervous system adrenergic response following thermal injury. o
decrease in hypermetabolism has been seen ':ith the use of topical anes-
thesia, regional deinnervation of injured extremities, salicilate admin-
istration, calcium infusion, or ingestion of L-Dopa. The hypermetabolic
response of normal man to ccld exposure was decreased by inhaling 797
helium and 215 oxygen when compared with studies using room air alone.
Evaluation of the role of the inert cases on central nervous system
adrenergic function is now being pursued in both normal subjects and
patients.

Again in 197L the two major fluid electrolyte disturbances seen at
the Institute of Surgical RPesearch in the thermally injured paticnts

6




were hypernatremia and hyponatremia. iyponatremia reflecting a water
deficit was found to te the most common electrolyte abnormality in burn
patients as a whole. lhyponatremia is the most common clectrolyte change
in the burned child who has seizures and it is caused by either excessive
administration or too rapid administration of electrolyte free fluids or
the ' leaching'' effect of silver nitrate dressings. This finding calls :
for caution in the administration of non-electrolyte fluids in small chil- “
dren and a careful ronitoring of all patients in silver nitrate dressincgs. :

interest was continued during 1274 in primary excision of third it
degree burns. Final evaluation has determined that the carbon dioxide 4
laser in its present state is of advantage to the cutting current of the i
electrocautery, but that both modalities are superior to the scalpel ex- i
cision. Excisions have fallen into two categories, massive burns excised '
and covered with allograft or xenograft which have uniformly done voorly,
and localized third degree burns in areas amenable to excision in patients
vith roderate size burns (40 to 65%). The latter have virtually always
done well.

Tancential excision has also been evaluated during 1974, The tan-
cential excisions fall into two groups. The first beinc tangential ex-
cisions of burns of the hands with early autografting. ‘'hen the hand to
be tancentially excised had deep second degree burns the results vere
uniformly excellent, when the injury was full thickness the results vere
hard to distinguish from those observed by allowing the eschar to sepa-
rate spontaneously. Tangential excision was also employed in patients
having full thickness wounds with tenacious eschar. The eschar was tanr-
rentially excised until freely bleeding yellow fat was encountered.

“lhen small test areas of graft were placed on the yellow fat no take was
accomplished. The routine treatment therefore was to wrap the tangentizal-
1y excised extremity in sulfamylon solution soaks and allow nranulation
tissue to form. ‘lound maturation usually takes place in 7 to 14 days
following which the wound can be closed with ‘meshed' crafts with excel-
lent results.

vebulized gentamycin was evaluated as a deterent to oulmonary infect-
ion during 1974, Patients that developed a roentcenologically evident
infiltrate post-burn were treated in a double blind study with eitnher
nebulized centanicin or nebulized saline. Twenty patients have been
studied to date. Seven patients in each zroup were fully treated and
evaluated. Six of seven patients treated with gentamicin cleared their
infiltrates whereas only two of seven civen normal saline cleared their
infiltrates. ‘lone of six patients in the gentamicin treated c¢roup died
of bronchopneumcnia, whereas three of six in the saline croup died of
bronchopneumonia. The study is continuing to datermine the reliability
and significance of these findings.

“astroesophageal endoscopy with the fiberoptic endoscope has contin-
uted to be a valuable diacnostic modality through 1974. It has been
found to be a reliable and sensitive method of diagnosing upper 7l




disease. Colonoscopy has been undertaken on six patients within 72 hours
post burn. Although three of these patients showed evidence of castro-
duodenal disease on gastroduodenoscopy, all of the patients had normal
colonic mucosa. Before the occurrence of microvascular ischemia with
mucosal damage of the colon can be documented, additional patients must
be studied with upper and lower tract endoscopy within the early post-
burn period.

EDUCATION

During the period of this report, 3 surgical residents ‘rom Brooke
Army Medical Center, 1 from Fitzsimons, 1 from David Grant USAF iHedical
Center, Travis AFB, California and 1 civilian physician from Bexar County
Hospital participated as active members of the medical staff for periods
of 1 to 3 months as part of their surgical training. One physician from
the Army of Germany and cne from the Army of Yenezuela spent three months
training with the unit. Two ilavy and five Army reserve officerc comple-
ted their tours of active duty training with our unit for periods of 2 to
6 weeks. Two interns from the Department of Surgery at Brooke each
served one month of duty at the unit as did one general medical officer
from the Out Patient Department and one general surgeon from the Army
Hospital in Okinawa. One civilian physician from Syracuse H.Y. spent t.o
weeks training and one senior medical student from the University of
Arizona spent a month in observer training. Thirty-nine reserve officers
and 25 ilational Guard officers and paramedical personnel were given tours
and briefings. Twenty-one foreign visitors from the following countries:
Belgium, Pakistan, Thailand, Paraguay, Jordan, lsrael, Australia, India,
England, Mexico, ‘!est Germany and Sweden received briefings on the care
of the thermally injured patient and on the overall mission of the Insti-
tute of Surgical Research. Approximately 103 civilian and military

physicians and 192 nurses, students and paramedical personnel visited and
were briefed during 1974.

HHumerous scientific presentations concerning various aspects of
thermal injury werymade by members of the Clinical Division at local,

state, regional and national meetings as listed at the end of this section.

STATISTICAL RESUME

During the year 1974, 244 thermally injured patients were admitted
to the Institute of Surgical Research. As in 1973 no patients were air
evacuated by the Institute of Surgical Research Burn Team from the Far
East. There were 226 dispositions during 1974 and the subsequent data
will be based on those dispositions. The patients ranged in age from
5 months to 83 years with 180 males and 46 females. The average age of
the patient was 28.5 years with an average burn size of 41.5%, and a 19.8%
average third degree component. The average burn index was 30.5%. Out
of 226 dispositions, 178 had third degree burns (78.8%). Forty-five
patients were less than 15 years of age with an average age of 6.3 years.
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The average total burn in the pediatric age group was 33% with 18.5%
being third degree. The burn index in children was 26%. Of the 45
pediatric patients admitted, 35 had some third degree burn (77.8%).

The mortality in the pediatric age group was 35.5%. In the croup
of pediatric burn patients who died, the average age was 6.3 years and
the average burn size was 60% with 38.6% being third degree. The overall
mortality for the year 1974 was 42.9% or 97 patients out of the 226
expired, of which 76 were male and 21 were female. The average age of
the patient who died was 32 years and in this group the average total
burn was 60.8% with 35% being third degree for a burn index of 48%. The
increase in mortality compared to previous years is partly related to
the fact that no patients from Southeast Asia have been air evacuated
and the number of acute admissions has increased markedly as has the
average total per cent burn increased in the patients admitted to the
Institute of Surgical Research. O0Of the 97 patients who expired 85 or
87.6 had some third degree burn. Autopsies were performed in 79
patients (81.4%) of all the deaths. The average post burn day of
death was 21.4 which is a marked increase from the 11.8 of 1973 and
may represent the effect of the change in topical agent used in the
early post burn period.

Table 1 identifies the source of admission of patients during the
calendar year 1974. The majority of the burns were from the Continental
United States. Table 2 summarizes the burn etiology in 1974, Table 3
summarizes the effect of age and total body surface burn on mortality.

Table 4 lists the mortality rates in increments of 10% total body
surface burn from the years 1971 through 1974. Table 5 presents the
survival and mortality rate of patients with greater than 30% body sur-
face burns in the calendar years 1965-1974., |t should be noted that
there are no marked changes.

Table 6 shows a comparison of burn mortality in the pre-topical
antimicrobial years 1962-1963 with the cummulative index since 1965 when
Sulfamylon and later silver sulfadiazine have been used. As previously
reported the improvement is primarily in that group of burn patients
whose injury is 30-60% with little if any change in those patients with

Or

greater than 60% injury.

The average hospital stay in 1974 was 42.3 days. ‘hen convalescant
leave for active duty military personnel was excluded the average hos-
pital stay was 39.6 days. The average post burn admission day to the
Institute of Surgica) Research was 2.8. This figure reflects a decrease
in the average post burn day of admission from 11.2 days in 1970 to 9
days in 1971 and 7 days in 1972 and 5 days in 1973. The decrease in the
average admission time is because the patient population originates in
the Continental United States and also reflects the rapid aeromedical

A
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Table 1. Source of Admission, 1974 3
Area A AD AF  AFD N ND VAB Other TOTAL :
Ist Army 3 | 0 0 ] 0 4 6 15 é
3rd Army 3 3 0 3 2 3 8 15 37 2
5th Army 12 9 10 13 2 3 18 AL 131 %
pth Army 2 1 8 2 0 0 3 9 24 ‘
MDY 2 0 0 0 0 0 0 0 2 é
Alaska 1 0 ] 0 0 0 1 2 5 é
Germany 2 2 2 0 0 0 0 0 3 S
England 0 0 n 1 0 0 0 0 1
Spain 0 0 0 0 0 ] 0 0 1
Mexico 0 0 0 0 0 0 0 ] 1
San Salvador O 0 0 0 0 0 0 I ]
Okinawa 0 0 0 1 0 0 0 0 [
Thai land 0 0 0 0 0 0 0 1 1
!
) : 25 16 21 20 5 7 34 98 226
|- A - Army N - Navy, Marine Coros & US Coast Guard
AF - Air Force VAB - Veterans Administration Beneficiary

D - Dependent
Other: Civilian Emergency (95)
US Public Health Service Beneficiary (2)
Bureau of Employees' Compensation Beneficiary (1)
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Table 5,

Per Cent Burn Versus Survival, 1955-1974

Survivors (burns over 307)

Deaths

Year Ho . Average  Burn No. Average 7 Burn
Cases Total 37 Cases Total 37
1955 20 39.5 20.3 21 55. 38.1
1956 22 4i.o 17.3 20 57. 37.8
1957 19 38.4 24 1 17 57. 38.8
1958 15 42.3 21.6 23 56. 35.3
1959 29 43.1 20.6 24 63. 38.1
1960 17 Ly 2 20.1 30 57. 37.3
1961 18 by . 2 25.0 31 58. 39.7
1962 18 42.7 21.4 54 59. 46.2
1963 28 45.8 19.6 57 69. 41.0
1964 Lo 41.8 4.8 37 65. 42.4
1965 47 43.8 21.0 33 66. 33.4
1966 68 Li.s5 14.9 59 59. 31.3
1967 103 42.7 13.3 51 59. 32.3
1968 143 Ly 2 12.6 38 5k, 24.6
1969 113 43.2 1.1 70 58. 26.4
1970 92 39.4 10.7 70 51. 32.6
1971 63 41.9 14.0 68 60. 38.0
1972 62 42.0 17.2 103 56. 35.9
1973 47 43.7 19.6 113 60 . 36.2
1974 55 43.9 12.2 97 60. 35.9
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evacuation carried out by the Institute of Surgical Research.

During the year 197k 1,094 operations were performed on 195 patients,
an average of 5 operations per patient. Three hundred and ninety-two
anesthetics were performed on 176 patients or 3 anesthetics per patient.

A total of 670 ward procedures were performed. Two hundred and fifty-~ 4
eight autografting procedures were carried out on 104 patients or '3
approximately 2 1/2 procedures per patient. Thirty-eight patients had :
92 applications of allograft or an average of approximately three
applications per patient.

Porcine cutaneous xenograft was applied to 28 patients 103 times or
an average of 4 times per patient. There was a marked decrease in the
use of porcine cutaneous xenograft during 1974, Evaluation of this
material on wounds ready to accept autograft and on wounds not clean
enough to autograft revealed that it was least desirable of any of the
materials tested. Cadaver allograft was aseptically harvested from 33
donors, a drop from 56 in 1973. Escharotomies were performed on 63
patients or 27.9% of all dispositions. Twenty-eight patients required
amputations, 15 of these were major.

it i st

Tracheostomy was performed in 37 patients or 16.4% of all dispos- g
itions. The specific indications for tracheostomy were the need for jt
prolonged ventilatory support, upper airway obstruction, and inhalation
injury.

One hundred and fifty-two patients or 62% of all dispositions had
at least one blood culture drawn during their hospitalization and 100 i
patients had a positive blood culture. Fcr further information on
bacteriologic data the reader is referred tu the succeeding chapters.
Suppurative thrombophlebitis occurred in 11 patients or 5% of all dis-
positions. In keeping with the high index of suspicion of suppurative
thrombophlebitis, 31 cutdowns were explored. An important aspect of
burd therapy is monitoring the burn wound and this is done with frequent
wound biopsies. Eighty-four patients or 37% of all dispositions in 1974
had at least | wound biopsy performed.

A tota) of 623,450 cc of blood were administered to 140 patients or
62% of all dispositions. An average of 4,531 cc of blood were given to
each of the 140 patients.

Seventy-nine patients or 35% of the dispositions had some type of
associated injury upon admission. Five per cent of the patients had a
major fracture. Other significiant orthopedic problems which developed
during the hospital stay included exposed tendon and bones of all four
extremities, 3 open knee joints, 1 open shoulder joint and many open
small joints of the hand. There were 3 cases of significant osteomye- 4
litis. There were frequent ophthalmologic injuries in the 226 disposi-
tions. They included corneal burns, corneal abrasion, corneal lacer-
ation and thermal injury of the lids. Significant long term sequelae of




eyelid burns occurred in the form of all degrees of ectropion. Of the
surviving patients in 1974 there was only one with permanent visual
impairment, that occurring secondary to a corneal scar resulting from a
deep corneal burn,

Another significant problem of the thermally injured patient is
chondritis. Twelve patients or 5% of all dispositions developed auriculiar
chondritis during 197k and chondrectomy was performed in 17 ears. Several
patients lost a portion of their ears due to direct thermal trauma.

Gastrointestinal complications again were quite prominent in our
burn population. Gastrointestinal bleeding of some type occurred in
k2 patients or 18.6% of all dispositions. Gastrointestinal ulcers
diagnosed either roentgenographically or endoscopically occurred in 48
patients or 21.2% of all dispositions. Duodenal or gastric ulcers were
the cause of bleeding in 23 patients. Five patients developed perforated
gastroduodenal ulcers and 12 patients had exploratory laparotomy for
complications secondary to ulcer disease. Superior mesenteric artery
syndrome occurred in three patients, two requiring surgery, both with
an unfavorable termination, a third managed conservatively did well.
Other major gastrointestinal complications detected by fiberoptic
endoscopy included gastritis in 35 patients, duodenitis in 12 patients,
esophagitis in 29 patients and esophageal ulcerations in 10 patients.
Acute acalculous cholecystitis was diagnosed at post mortem examination
in three patients but in no patient was it the cause of death. Pancre-
atitis usually of the interstitial type and of mild degree was diagnosed
in 10 patients, a fourfold decrease from 1973 probably related to chang-
ing pathologic criteria. Major renal complications in our burn populat-
ion include some degree of renal failure usually as a terminal event in
54 patients. Hemodialysis was carried out on nine patients and periton-
eal dialysis on 1 patient.

Cardiac complications continued to play a significant role in
patient morbidity and mortality. Nine patients sustained an acute myo-
cardial infarction and all succumbed to the insult. During 1974 there
were several established cases of acute bacterial endocarditis. Staphylo-
coccus aureus coagulase positive was the predominant organism. Five cases
were diagnosed prior to death, four of these were resistant to intensive
antibiotic therapy and had a fatal termination. A fifth case had his
mitral valve replaced with subsequent clearing of his blood stream
infection, only to succumb 32 days later to a gram negative mediastini-
tis. At post mortem examination the prosthetic valve was well seated
and free of bacterial involvement. The remainder of the myocardial
infectious problems were those related to terminal sepsis.

Pulmonary problems continued to be a significant cause of morbidity
and mortality in 1974 as they had in the past. However, with the discon-
tinuance of early post-burn Sulfamylon burn cream, topical therapy, early
pulmonary problems were reduced and those problems related to long term
sepsis in the debilitated patient were of relatively greater consequerce.
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With the patients surviving longer yet dying of later septic complications
there was an increase in both hemotogenous pneumonia and bronchopneumonia.
Inhalation injuries diagnosed either by bronchoscopy or 133Xenon scan were
noted in 51 patients or 22.6% of the dispositions. The other significant
pulmonary problem was pneumothorax occurring in 15 patients either
associated with use of a mechanical ventilator or insertion of a subclav-
ian venous cannula. Pulmonary emboli were diagnosed in 24 patients

during 1974 either by clinical findings and lung scan or at autopsy exam-
ination.

SUMMARY

During 1974 226 patients were admitted to the Y.5. Army Institute
of Surgical Research. The basic change in the therapeutic approach to
the burn patient is the discontinuance of Sulfamylon burn cream in the
early post burn period. There were fewer significant early pulmonary
complications, a much more benign early post burn course, an increase of
the LAS0 over recent past years but with the prolonged survival we have
seen a relative increase in septic deaths in patients with large burns,
Infection continues to be the most frequent cause of mortality in the
thermally injured patient. Clinical research efforts are oriented towards
evaluation of control of the septic process with ongoing research on the
efficacy of various topical agents, the role of hydrotherapy in the man-
agement of the burn wound, the use of systemic antibiotics, immunosuppres-
sion with excision and allografting in massive burns, and other efforts
to improve the survival of the burned soldier.

18
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Jitmore D' tetabolic Aspects of Burn Care. Univ of Kan Trauia

%

tont, Kansas City, Xan 7 Jan 76,

f, Jilsore D Treatent of Burn..  Grand lounds, Department of
2 Surcery, Janderbilt University, dfashville, Tenn 12 Jan 74,
E- Pruitt 25 Jr: 1) Current Methods of Burn Care; 2) Acid-base Distur-
Soances in dnjured tan. 2C5 Trauma Course, Jew Orleans, LA 14-17 Jan 7.
Salisbury RE: Svaluation of Digital Tscharotomy in Thermally Injured
Hande .
Pruitt BA Jr:  ewer Opportunistic Infections in Burns.
Levine HS: A Comparison of Coarse Mesh Gauze Versus Biolocic Dres-

.inc..  Seventh Anl Syip. of Military Plastic Surgery, Yash DC 22 Jan 74.

Jiluore DW: Snergy Hetabolism Followine Injury. Grand Rounds, Dept
of Surcery, Univ of Maryland, 8altimore, MD 25 Jan 74.

4cGranahan BS:  dursing Care in Burns. Sch of ferospace Med, Brook-
AFB TY 25 Jan 7h.

Hehlhany JC Jr: Treatment of Burns. Off Basic Course, Acadey of
Hdealth Sciences, Fort Sam Houston, TX 25 Jan 74,

Long Jit 11l: Serum and Liver Vitanin A Levels in Thermally Injured
Patients. Technical Conf on Parenteral Vitamins, A.M.A., T.D.A., Yash DC
28 Jan 74

Wilmore DW: etabolism Following Injury. Dept of Surcery, Univ of
Ohio, Toledo, OH. 5 Feb 7h.

Long J1 111: Total jlutrition by Vein. Southwest Foundation Forum,
San Antonio, TX. 6 Feb 74.

Salisbury RE: Artificial Prostheses for Tendon Injuries: ‘lechanical
Problerns and Cellular Response. Interdisciplinary Conf, Biomedical Re-
search Problems in a Changing YWorld. Institute for Molecular Physics,

Univ of Maryland. € Feb 74,

Orcutt TW and Hayward CD: The Burn insult. HMursing students, San
Antonio College, San Antonio, TX 11 Feb 74.

McGranahan BG: MNursing Care of Burns. ~0RY Convention, llew Orleans,
LA 12 Feb 7h4.

Hunt JL: The Treatment of Burns. Medical Aspects of Advanced Yarfare
Course, USAF Sch of Aerospace Med, Brooks AFB, TX. 12 Feb /4.
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Pruitt, BA Jr: Discussant of paper on water holding skin lipid.
Society of University Surgeons Meeting, St. Louis, MO. l4-16 Feb 74.

Taylor J¥W: Burn Care. Univ of Tex Med Sch at San Antonio, San
Antonio, TX 21 Feb 74,

McGranahan BG: Burn Treatment. R.N. Club, Randolph AFB, TX 25 Feb
74,

Wilmore DVW: Energy Balance in Acute |llness. Tex State Hutritional
Council, Univ of Tex at San Antonio, San Antonio, TX 28 Febh 74,

Wilmore DW: Resuscitation Following Burn Injury. Intl Med Assembly
of Southwest Tex, San Antonio, TX 1 Mar 7h.

Agee RN: Classification of Burns. Students Intensive Care Nursing
Course, Brooke Army Medical Center, Fort Sam Houston, TX 4 Mar 7k,

The following presentations were given to the Brooke Army Medical
Center-Univ of Texas Medical School at San Antonio Symp on Surgical &
Orthopaedic Aspects of Trauma, San Antonio, TX 5 Mar 7h:

Pruitt BA Jr: Fluid Resuscitation and farly Care of the Burn Patient

Agee RN: Topical Therapy in Burn Wound Care

Orcutt TW: Coverage of the Burn Wound

Levine NS: Excision of the Burn Wound

Salisbury RE: Special Considerations in Treatment of Hand Burns

Petroff PA: ({nhalation injury and Other Pulmonary Complications

Long JM I1i: Gastrointestinal Complica*ions.

Hunt JL: Diagnosis and Treatment of Newer Opportunistic Infections

Wilmore DW: Mutritional and Metabolic Considerations in the
Treatment of Burn Patients

Peterson HD: Reconstructive Surgery of the Burn Patient and the

Treatment of Scars.

Orcutt TW: Burns. Allied Medical Officers, Sch of Aerospace
Medicine, Brooks AFB, TX 8 Mar 74.

Taylor JW: Burn Wound Therapy. Students Intensive Care Nursing
Course, Brooke Army Medical Center, Fort Sam Houston, TX 11 Mar 74.

Taylor JW, McGranahan BG, Hall UF, Diaz HM: Team Approach to Care
of Burn Patients. Physical Therapy School, Academy Health Sciences,
Fort Sam Houston, TX 11 Mar 74,

Pruitt BA Jr: Early Complications of Burns. Hahnenann Continuing
Education Program, Crozer-Chester Med Ctr, Philadelphia, PA 12 Mar 74.

Long JM 11}: Hyperalimentation. Students Intensive Care Hursing
Course, 3rooke Army Medical Center, Fort Sam Houston, TX 15 Mar 74.
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Orcutt TU: Treatment of Burns. Officers Basic Course, Academy of
Health Sciences, Fort Sam Houston, TX 15 Mar 74, :

McGranahan 8G: Hursing Care ancd Treatment of Burns. Flight idurses
and Technicians, Sch of Aercospace Med, Brooks AFB TX 15 Mar 74.

Blumle ML: Role of the Research Nurse. Incarnate Word Sch of Mur-
sing San Antonio, TX 18 Mar 74,

Salisbury RE: Pseudosheaths Found by Gliding Tendon Prostheses.
Thomas Jefferson Univ, Philadelphia, Pa. 15 Mar 7&.

The following presentations were given at the Methodist Hospital
Burn Seminar, Gary, Indiana on 22-23 Mar 7hL:

Orcutt TW: 1) The Burn insult; 2) Initial Management; 3) Contempor-
ary Burn Wound Management; 4) Complications in Burns
Curtis NA: 1) intensive Care Hursing Assessment and Intervention;

2) Psychological Problems in Burn Patients
Townsend JC: Physical Therapy Management of Burn Patients
Shaw AL: Occupational Therapy and Splint Management

Hunt JL: Burn Victim. Continuing Medical Education Course Evaluat-
ion of Trauma University of Tex Med Sch at San Antonio, San Antonio, TX
23 Mar 74

Long JM 11l: Clinical Aspects of |.V. Hyperalimentation. Seminar on
Intravenous Feeding Techniques for Nurses, Pharmacists and Physicians,
N. California Soc of Hospital Pharmacists. Oakland, CA 23 Mar 74.

Yilmore DW: Fluid Electrolyte Balance. Course lecturer, American
College of Surgeons, Houston, TX 25-26 Mar 74.

Wilmore Dif: Hormone Regulation of Metabolism. American College of
Surgeons, Houston, TX 27 Mar 74,

Long JM 111: Potential Complications of Intravenous Hyperalimentation. ,
Grand rounds, Wilford Hall USAF Hospital, Lackland AFB, TX 30 Mar 7h. E

Czaja AJ: Acute Gastroduodenal Disease after Thermal Injury: An
Endoscopic Evaluation of fncidence and Natural History. Amer College of
Physicians, lew York, NY L Apr 74.

The following presentations were made at the American Burn Association 1
Ani mtg in Cincinnati, Ohio 4-6 Apr 74: ‘

Podgornoff WC: Parenteral Nutrition in Burned Patients: Nursing
Considerations

Salisbury RE: Evaluation of Extended Digital Escharotomy in Thermally
Injured Hands

Taylor JW: Thermal iInjury During Pregnancy
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Andes a: Myocardial Infarction in the Thermally Injured Patient

Levine G5: . Comparison of Coarse Mesh fGauze vs 'Biological Dres-
5inGs ' on Granulating VMounds
McAlhany JC Jr:  Histochenical Study of Gastric tucosubstances After

Thermal njury

Long Ji 111 Emercence of fFusarium and Cephalosporiun as a Cause of
Invasive Burn Wound Infection

Andes Wh: Acute Hematologic Changes in the Severely Burned Parient

Warden GD: Evaluation of Leukocyte Cremotaxis in Thermally Injured
Patients

Wilmore OV: Effects of Human Growth Hormone ard iigh Caloric Feed-
ing in the Post-Traumatic Metabolic Respcnse Following Thernal Injury

Long JM 1il: Burn fnjury: Diagnosis, Treatrnent and Prevention. San
fintonio Chapter, American Soc . Mechanical Engrs mtg 18 Apr 74

Hunt JL: ‘'hat's ilews in Burns. \‘leber County Medical Society nmtg,
4i1) Air Force Base, Utah 18 Apr 74

Long JM 111: VWhat's ilew in the Metabolic and Hutritional Support of
Burn Paticnts; 2) Current Therapy for Burn Injuries. Seminar - Medical
Research and Consultant Staff, McGaw Laboratory, Glendale, CA 26 Apr 74

tong UM 11i: Intravenous Hyperalimentation. Seminar ~ California
State Society of Intravenous Therapists, Los Angel:zs, CA 27 Apr 74

Pruitt BA Jr: Nutrition for the Hypermetabolic Burn Patient. Case
discussion of two burn patients. Symp on the Treatrnent of Burns.
Beverwijk, Holland 26-27 Apr 74,

Long JM [if: Clinical Aspects of VY Hyperalimentation. Hane County
Medical Society, feneva, IL | May 74

Long M 11i: Intravenous Hyperalimentation. Seminar for Interns,
Residents and Nursing Staff, Rush-Presbyterian St Luke's Medical Center,
Chicago, IL | May 74

Pruitt BA Jr: Discussant of paper on Enzymatic Debridement of Burns.
American Surgical Assn mtg, Colorado Springs, CO 1-3 May 7h.

Long JM 111: intravenous Hyperalimentation. Staff Dept of Surgery
Univ of Chicago Med Sch, Chicago, IL 2 May 7k

Long JM I11: Principles of Intravenous Hyperalimentation. [vanston
Hospital, Evanston, L 2 May 74

Long JM [{l: The Current Management of Burn Injury. Texas Medical
Assn on Trauma, Dallas, TX 3 May 74




Hurmt JL: Life Saving Mcasures for the Critically Injured. Cincin-
nati, OH 8 May 74

Pruitt BA Jr: Early and Late Problems in Managenent of Major Burns.
destoern des York Cnapter ACS mtg, “anakah, NY 9-10 May 7h4.

Pruitt 34 Jr: fUrganization of County Units. Anl mtg of American
Traumg Socicty, Chicago, L 12 May 74.

Czaja Ad: hAcute Duodenal Disease after Thermal Injury: Assessment
U, Carly and Serial Endoscopy. fAmer Soc for Gastrointestinal Endoscopy.
San Francisco, A 22 May 7h.

Lono Ji HEt: Current Treatment of Burns. Seminar for Military
Pharmacists, San Antonio, TX 24 May 74

dilmore DY: Total Intravenous Mutrition. Seminar for Military
Pharmacists, San Antonio. TX 24 “May 74

The following oresentations were made at a Team Syriposium nn Burns at
rihe Midiwest Health Congress, Kansas City, MO 10-12 Jun 7h:

Acec RN:  lanagerent of Thermal Injuries
Curtis N4: HNursine Care of the Burn Patient
Townsend JC:  Physical Therapy for the Burn Patient

Shaw ALt Occupational Therapy in the Burn Unit

Pruitt BA Jr: 1)Discussant of paper by J. Kohn of London, entitled,
“The Pole and Value of Antiseptics in a Burn Unit." 2) Discussant of paper
by 2. Zellner of Uudwigshafen, Y. Germany, entitled ‘Problems of Vaccina-
tion Acainst Pseudomonas Infection and 3) From the Clinic to the Labor-
atory and Back--The Effectiveness of Interdisciplinary Burn Research at the
US Army institute of Suragical Research |Inauguration Symp on Burns, Univ

ted Ctr, Ljubltjana, Yugoslavia. 7-8 Jun 7L4.

Curtis HA: Nursiny Coare of the Burn Patient. Flight nurses and
technicians, Sch of Aerospace Med, Brooks AFB, TX 25 Jun 74

Czaja AJ: PAcute Gastroduodenal Disease Following Thermal Injury.
Univ of Tex Health Science Center, San Antonio, TX 12 Jul 74.

Long JM til: IV Hyperalimentation. Nurses and Pharmacists, St.
Mary's Hospital; 2) Practical Aspects of |V Hyperalimentation. Medical
staff mtg, St. "ary's Hospital; 3) fonsultant visit, Burn Unit ‘Jashoe
County Medical Center, Reno, WV 15 Jul /h.

Long JM It Intravenous Hyperalimentation. Florida Society of
Hospital Pharmacists and lurses of the Miawi area, Hollywood, FL 12 Jul 74

Peterson HD:  Manaccerment of Thermal Injurics. Officers Basic Course,




Ty

Acadermy of Health Sciences, Fort Sam Houston, TX 19 Jul 74

Berry DM: Nursing Research. Students Intensive Care ursing Course,
Brooke Army Medical Center, Fort Sam Houston, TX 22 Jul 74

Peterson HD: 1) Acute Managenent of Burns. Arkansas Trauma Pesearch
Society Physicians; 2) Murses Role in the Management of the Acute Burn.
Arkansas Trauma ‘lesearch Society durses, Arkadelphia AR 2 Aug 7k

Long JM 111: Practical Aspects of Intravenous Hyperalimentation.
Univ of TX ted Sch Surgical Conf, Medical students, Interns, Residents
and visiting staff. San Antonio, TX 9 Aug 74

Agee RN: Treatment of Burns. Officers Basic Course, .cadeay of
Health Sciences, Fort Sam Houston, TX 12 Aug 74

Agee RN: Treatment of Burns. Officers Basic Course, Academy of
Health Sciences, Fort Sam Houston, TX 16 Aug 74

Long JM t1l: Prevention and Treatment of Electrical Injuries. USA
Communications Command Regional Conf, San Antonio, TX 20 Aug 7h

Peterson HD: Treatment of Burns. Officers Basic Course, Academy of
Health Sciences, Fort Sam Houston, TX 30 Aug 74

Acee RN: Classification of Burns - Initial Care. Students Intensive
Care Nursinag Course, Brooke Army Medical Center, Fort Sam Houston, TX

L Sep 7k

Taylor JW: Burn Yound Therapy. Students Intensive Care Nursing
Course, Brooke Army Medical Center, Fort Sam Houston, TX 9 Sep 74

Czaja AJ: Acute Gastroduodenal Disease after Burns. Mayo Clinic
Castroenterology Unit, Rochester, Minn 13 Sep 74.

Long JM t1l: 1) Hypermetabolism and Wutritional Support After Major
Thermal Injury; 2) The Interrelationship of Fat and Carbyhydrate as
Caloric Sources for Total Intravenous Nutrition. International Congress

of Parenteral Nutrition, Montpellier, France 12-14 Sep 74

Erickson DR: Complications, Infection, Inhalation Injuries. Students
Intensive Care Nursing Course, BAMC, Fort Sam Houston, TX 16 Sep 7k

Pruitt BA Jr: 1) The Use of Topical Chemotherapy and Tissue Biopsies
for the Control and Monitoring of Burn VWound Infection: Results in over
2900 Burn Patients; 2) workshop moderator and plenary session panelist for
plenary session on “Infection and %Sepsis’®. Fourth International Congress
on Burn Injuries, Buenos Aires, Arjentina. 15-21 Sep 7h.

Nl A nmae,
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Hunt JL: Life Saving Measures for the Critically Injured. Cincin-
nati, OH & May 74

Pruitt BA Jr: Early and Late Problems in Management of Major Burns.
Vestern dew York Chapter ACS mtg, “anakah, NY 9-10 May 74.

Pruitt 3A Jr: Organization of County Units. Anl mtg of American
Trauma Society, Chicago, IL 12 May 7h4.

Czaja AJ: Acute Duodenal Disease after Thermal Injury: Assessment
by Early and Serial Endoscopy. Amer Soc for Gastrointestinal Endoscopy.
San Francisco, CA 22 May 7h.

A A

Lona J1 H1t: Current Treatment of Burns. Seminar for Military
Pharmacists, San Antonio, TX 24 May 7k

Yilmore DY: Total Intravenous Mutrition. Seminar for Military
Pharmacists, San Antonio, TX 24 May 7h
Y

The following presentations were made at a Team Symposium on Burns at
the Midwest Health Congress, Kansas City, M0 10-12 Jun 74:

Agee RMN: ilanagerment of Thermal Injuries

Curtis NA: Nursing Care of the Burn Patient

Townsend JC: Physical Therany for the Burn Patient

Shaw ~L: Occupational Therapy in the Burn Unit

Pruitt BA Jr: 1)Discussant of paper by J. Kohn of London, entitled,
“The Role and Value of Antiseptics in a Burn Unit." 2) Discussant of paper
by R. Zellner of Yudwigshafen, Y. Germany, entitled 'Problens of Vaccina-
tion Acainst Pseudomonas Infec-ion and 3) "From the Clinic to the Labor-
atory and Back~-The Effectivencss of Interdisciplinary Burn Research at the
US Army lInstitute of Surgical Research  Inauguration Symp on Burns, Univ
“ed Ctr, Ljubljana, Yugosiavia. 7-8 Jun 74.

Curtis HA: HNursing Care of the Burn Patient. Flight nurses and
technicians, Sch of Aerospace Med, Brooks AFB, TX 25 Jun 74

Czaja AJ: Pcute Gastroduodenal Disecase Following Thermal I[njury.
Univ of Tex Health Science Center, San Antonio, TX 12 Jul 7k,

Long JM 11t: 1V Hyperalimentation. HNurses and Pharmacists, St.
Mary's Hospital; 2) Practical Aspects of IV Hyperalimentation. Medical
staff mtg, St. Mary's Hospital; 3) Consultant visit, Burn Unit ‘lashoe
County Medical Center, Reno, WV 15 Jul 74,

Long JM 111:  intravenous Yvperalimentation. Florida Society of
Hnspital Pharmaciats and 'urses oi the Miami area, Hollywood, FL 1¢ Jul 74

Peterson HD:  Manaagement of Thermal Injuries. Officers Basic Course,
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Erickson DR. Acute Problems in Respiratory Care. Christmas Seal
League, Pittsburgh, PA 20 Sep 7h.

Pererson HD: Current Concepts in the Care of the Acute Burn. CENTO
Group mtg, Fort Sam Houston, TX 23 Sep 74

Long JM Iil: Nutritional Support of Thermally Injured Patients.
Univ of Zurich, Kantonspital, Zurich, Switzerland 26-28 Sep 74

Pruitt BA Jr: United Nations Conference of Government Experts on
the Use of Certain Conventional Weapons, Lucerne, Switzerland. 29 Sep -
1 Oct 7h.

Long JM Ill: Practical Aspects of Intravenous Hyperalimentation.
New Mexico Society of Hospital Pharmacists, Albuguerque, N. M. 2 Oct 74

Wilmore DW: Criteria for Evaluation of Protein Metabolism. FDA,
Washington, D.C. 8 Oct 74

Long JM [11: Practical Aspects of Intravenous Hyperalimentation.
Georgia State Society of Hospital Pharmacists, Atlanta GA 9 Oct 74

Hall WF: Recent Changes in Physical Therapy Treatment of Burn
Patients. Chief Physical Therapists of the Health Services Command,
Joint Services Seminar, San Antonio, TX 10 Oct 74

Long JM [1l: Practical Aspects of Intravenous Hyperalimentation.
N. Florida Society of Hospital Pharmacists, Orlando, FL 11 Oct 74

Long JM [il: New Developments in Intravenous Hyperalimentation.
Central Texas Society of Hospital Pharmacists, San Antonio, TX 15 Oct 74

Wilmore DM: Parenteral Nutrition. Johnson City Medical Society,
Johnson City, TN 15 Oct 74

Michael MG and Berry DM: Orientation to the Nursing Care and
Research Mission at the Institute of Surgical Research. Defense Advisory
Committee of Women in Service. 16 Oct 74

Michael MG, Berry DM and Podgornoff WC: Institute of Surgical
Rescarch Nursing Seminar. Academy of Health Sciences, Fort Sam Houston,
TX 16 Oct 74

Wilmore DW: Hypothalamic Function Following Thermal Injury. Ameri-
can Assn for the Surgery of Trauma. Hot Springs, VA, 17 Oct 74

The following presentations were made and meetings attended by Pruitt
BA Jr in connection with the ACS Mtg Miami Beach, FL 20-25 Oct 74:
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1) Meeting, ACS Board of Governors; 2) Recorder for ACS Discussion Group;
3) Meeting, ACS Pre- and Postoperative Care Committee; L) iteeting, ACS 1
Commi ttee on Trauma; 5) Meeting, Mational Burn Information Exchance; 6) N.
American Chapter Internat] Society of Surgery Meeting; 7) Symposium on
Stress Ulcers

Levine NS: Laser Excision of Third Degree Burns. American Assn
for the Surgery of Trauma. Hot Springs, VA 18 Oct 74

% e

McAlhany JC Jr: Status of the Gastric Mucosal Barrier in Thermally
Injured Patients: Correlation with Gastroduodenal Endoscopy. Surgical
Forum American College of Surgeons, Miami Beach, FL 22 Oct 74

e

Long JM 1l1l: Fat Carbohydrate Interaction: ilitrogen Snmarinc Effect
of Varying Caloric Sources for Total Intravenous Feeding. Surgical Forum
American College of Surgeons, Miami Beach, FL 22 Oct 74

Berry DM: Status of Mandatory Continuing Education in the U.S. ANC
Officers, Academy of Health Sciences, Fort Sam Houston, TX 22 Oct 74

Peterson HD: Bacteriology of the Burn Yound. American Society of
Plastic and Reconstructive Surgeons, Houston, TX 29 Oct 74

Levine NS: A Comparison of Laser, Scalpel, and the Electrocautery
in Burn VWound Excisions. American Society of Plastic and Reconstructive
Surgeons, Houston, TX 30 Oct 74

Wilmore DW: Criteria for Evaluation of Protein Metabolism. AMA
Hutritional Advisory Group, Chicago, IL | Nov 74.

Michael MG: Orientation to Burn Nursing. Stu iurses and staff of
Univ of Tex Student Health Center at Austin, BAMC Fort Sam Houston, TX
6 Nov 74

Wilmore DW: Modification of Catecholamines During Endotoxemia.
Assn of Academic Surgeons, Los Angeles, CA & ilov 74

The following presentations were made and meetings attended by
Pruitt BA Jr at the Burn Toxin Conference, London, England 5-6 Nov 74:
1) Chairman, Morring Scientific Session; 2) Presentation: Shock, Solutions
and Sepsis, the Causes of Death in Burn Patients.
Burn Symposium and lnauguration Ceremonies of the Burn Treatment Center,
IMTR Hospital, Loverval, Belgium; and 2) Presentation “Opportunistic fnfec-
tions in Burn Patients--Diagnosis and Treatment'; and 3) Concluding
remarks at Inauguration Sumposium. 7-9 Nov 74

Wilmore DW: Food-Fuel Interaction. Univ of Tex Med Sch at San
Antonio, San Antonio, TX 11 Nov 74
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Long JM Ill: Priorities for Care of Acute Thermal lInjury. Academy
of Health Sciences Physician's Assistant Prooram students, USA ISR, BAMC,
Fort Sam Houston, TX 26 Mov 7k

Erickson DR: The Emergent Care of the Burn Patient. §S. Dak Health
Dept, Dept of Public Safety, Annl Emergency Med Tech Refresher Course,
Pierre, SD 30 NHov 74

Pruitt BA Jr: Symposium on Burns, Medical Service of Comision Federal
de Electricidad, Mexico City, Mexico. Presentations: 1) Sepsis in Burn
Patients and its Treatment; 2) Homologous and Heterologous Grafting in Burn
Patients. 5-7 Dec 7.

Long JM 11l: Priorities for Care of Acute Thermal Injury. Academy
of Health Sciences Physician's Assistant Program students, USA ISR, BAM
Fort Sam Houston, TX 3 Dec 74

Long JM I11: Priorities for Care of Acute Thermal Injury. Academy
of Health Sciences Physician's Assistant Program students, USA ISR, BAMC
Fort Sam Houston, TX 10 Dec 74

Long JM 111: Priorities for Care of Acute Thermal Injury. Academy
of Health Sciences Physician's Assistant Program students, USA ISR, BANMC,
Fort Sam Houston, TX 17 Dec 74
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PUBLICATIONS

Pruitt BA Jr: Open and closed treatment of burns with povidone-
iodine by !G Georgiade and WA Harris (Commentary) Plast Reconstr Surg

53:82-83, 1974

Pruitt BA Jr: Complications of thermal injury. Clinics in

Plast Surg 1:667-691, 1974,
Wilmore DW, Lindsey CA, Moylan JA, Fallona GR, Pruitt BA Jr.,

Unger RH: Hypergluconemia after burns. Lancet 1:73-75, 1974,

Welch GW, Mcieel DM Jr., Silverstein P and Walker HL: The role of

catheter composition in the development of thrombophlebitis. $G&0 138:
L21-424, Mar 1974

McManus WF, Hunt JL, Pruitt BA Jr: Postburn convulsive disorders
in children., J Trauma 14:396-401, May 1974

Slogoff S, Allen GY, Vessels JV, Cheney DH:

Clinical experience
ith subanesthetic ketamine.

Anesthesia & Analgesia 53:354-358, 1974

Wilmore DW: Evaluation of the patient. In Total Parenteral

Nutrition, White PL (Ed), Acton, Mass., Publishing Sciences Group, Inc.,
Publishers, 1974, pp. 11-21.

Long JM, Wilmore DW, Mason AD Jr, Pruitt BA Jr: Fat-carbohydrate
interaction: WNitrogen sparing effect of varying caloric sources for
total intravenous feeding. Surg Forum 25:61-63, 1974,

Cheney DH, Slogoff S, Allen GW: Ketamine-induced stress ulcers in
the rat. Anesthesiology 40:531-535, 1974

Hunt JL, McManus WF, Haney WP and Pruitt BA Jr: Vascular lesions
in acute electric injuries. J Trauma 14:461-473, 1974

Wilmore DW, Moylan JA Jr, Bristow BF, Mason AD Jr and Pruitt BA Jr:
Anabolic effects of human growth hormone and high caloric feedings fol-
lowing thermal injury. SG&0 138:875-884, 1974

Salisbury RE, Mason AD Jr, Levine :IS, Pruitt BA Jr and Yade CWR:
Artificial tendons: Design, application and results. J Trauma 14:580-

586, 1974

Slogoff S, Allen GY: The Role of Baroreceptors
ltar response to ketamine.

707, 1974

in the Cardiovascu-
Anes & Analgesia, Current Researches 53:704-

Varden GD, Mason AD Jr, Pruitt BA Jr: Evaluation of leukocyte chemo-
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taxis in vitro in thermally injured parients, J of Clic oot BRrin’

1004, 1974

Wilmore DW, Long JM, Mason AD Jr, Skrecor R ard Pruitt BSY Ur:
Catecholamines: Mediator of the hypernetabolic response tn therial
injury. Ann Surg 180:653-669, 1874

Lindberg RB and Latta RL: Phage typing of Pscudoronas aerugincsa:
Clinical and epidemioiogic considerations. 130:533-%42, Nav 7k

Wilmore Dd: Nutrition and metabolism following thermal injury.
In Clinics in Plastic Surgery 1, Moncrief JA (Ed}, Philadelphia, 4.5,
Saunders, Publishers, 1974, pp. 603-619.

Czaja Ad, McAlhany JC Jr, Pruitt BA Jr: Acute gastrodund_ral
disease after thermal injury. New Engl J of Med 231:925-929, 0ot 31. 7&.

Salisbury RE, McKeel DV Jr, Pruitt BA Jr and Mason AD Jr: “orone
logic observations of neosheath development of undiffererntiated cornce y
ive tissue development around artificial tendons. J Biowed Mater ro: )

Symp No 5 (Part 1), 175-18L, 1974,

(T

Salisbury RE, McKeel DW, Mason AD Jr: dschemic necrosis of to
trinsic muscles of the hand after thermal injuries. J of Eonc ani
Surg 56-A: 1701-1707, Dec 7h.

[
-

Pruitt BA Jr: Infections caused by Pseudomonas species in uatien
with burns and in other surgical patients. J of Infectious Dizcasen 133,
Supplement S8-51h, Nov 74,

Salisbury RE, Silverstein P and Goodwin M Jdr: Uppor extren’t,
fungal invasions secondary to large burns. Plast Recenstr Sura 56006k
659, Dec 1974,

McAlhany HC Jr, Czaja AJ, Villarreal Y, et al: ‘he gastric —wcos
barrier in thermally injured patients: correlation ith gastrodundenal
endoscopy. Surg Forum 25:414-L16, 1974,

Czaja AJ, McAlhany JC Jr, Pruitt BA Jr: Acute .luyodera) discasc after

thermal injury: assessment by ecarly and serial enduscopy. Gastroint.
Endoscopy 20:178, 1974,

EXHIBITS
The following exhibits were displayed durina the vear 197h:
""Serial Endoscopic Assessment of Acute Gas'!roduodenal Disease

Following Thermal Injury'
1) American College of Physicians Anl Conv, Now York NY 1-4 Apr 1974
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2) American Gastroenterological Assn Anl Conv, San Francisco CA 22-24

May 1974
3) American College of Surgeons Anl Conv, Miami Beach, FL 21-25 Oct 1974

“Fiberoptic Bronchoscopy in Evaluation of Inhalation Injury"

1) American College of Surgeons Anl Conv, Miami Beach, F1 21-25 Oct 1974.

"Reconstruction of the Thermally Injured Upper Limb"
1) American Academy of Orthopedic Surgeons, Dallas, TX 17-22 Jan 1974.
2) American College of Surgeons 60th Anl Clinical Congress, Miami Beach,
FL 21-25 Oct 1974

MOTION PICTURES
The following motion pictures were shown during the year 1974:

“"Energy Metabolism and Energy Support Following Thermal Injury"
"Physical Therapy in the Treatment of Burns of the Hand"
"Heterotopic Calcification About the Elbow"
"Laboratory and Clinical Evaluation of Porcine Xenograft as a
Temporary Burn Wound Cover'
""Management of Upper Extremity Burns"
Exhibited at the Fourth International Congress on Burn Injuries,
Buenos Aires, Argentina during the week of 16-21 September 197L.
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11 TITLE (Precade with Securtty Clessilicaiian Code)® (U) Clhf@T@ef&tld], Surglcal Ortudy BranEH, FOI’ Iieaﬁ!ﬁ;t ‘

of Injured Soldiers (44)
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L |
=swe” US Aymy Institute of Surgical Research [|wwe* US Army Institute of Surgical Research
! Surgical Study Branch

sooress*Bort Sam Houston, Texas 78234 *Fort Sam Houston, Texas 78234
RESPONSIBLE INDIVIDUAL ’:'::;':L E|.CV!ug"|i.a';. (&..‘“'-'w’{‘l‘”rl‘lbu;e‘:‘% A
wawe: Basil A. Pruitt, Jr., COL, MC recemmone.  D12-221-5712
TELEPNHONE: 512"221'2720 SOCIAL SECUNITY ACCOUNT NUMBER
| "o Albert J. Czaja, MAJ, MC
. FOREIGN INTELLIGENCE NOT CONSIDERED e, Basil A, Pruitt, Jr., COL, MC DA
Z AR ) Cambat casualties; (U) Laboratory animals; (U) Thermally injured
3 iers: Woaund healing; (U) Gastrointestinal pathology

23 TECHMIC AL OBJECTIVE.® 24 ABPPAGACH, 25. PROGRESS (Purnied individual paragrephe !dwniitiad By ruamber. Procude laxt of soch with Socurily Claesifcation Code.)

23. (U) Clinical and laboratory investigations pertaining to severe physical trauma
which has been sustained by soldiers in the field.

24. (U) Plarmned clinical and laboratory studies relating to acute and chronic effects
of injury. Studies conducted in this branch have included both clinical investigation
. involving patients and normal individuals and laboratory studies involving animal

! models.

A 25. (U) 74 07 - 75 06 The Surgical Study Branch continued investigations of the
x metabolic response to thermal injury and the effects of physical trauma on wound
healing, susceptability to infection, and gastrointestinal and liver function. The
‘ ‘ effects of nutritional support on post-traumatic metabolic response and organ system
alteration is also being evaluated. The metabolic kitchen provides support for these
investigations, in addition to preparation of specialized diets for patients with
feeding problems, and the provision of diets containing known constituents to be used
in a wide variety of metabolic balance studies. In addition, members of the branch
provide nutritional and gastrointestinal consultation for all Institute patients and
other individuals outside the Institute with camplex gastrointestinal, metabolic-
nutritional problems.

[* 4 vaiiadle to contractors originator's 8 val
DD FORM '498 PREVIOUS EDITIONS OF THIS FORM ARE OBSOLETE. DO FORMS 1498A ' NOV 68
1 MAR 68 AND 14968-1 1| MAR 08 (FOR ARMY USE! ARE OBSOLETE
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ANNUAL PROGRESS REPORT
PROJECT NO. 3A161102B71R-01, RESEARCH IN B|OMEDICAL SCIENCES

REPORT TITLE: CLINICAL OPERATION, SURGICAL STUDY BRANCH FOR
TREATMENT OF INJURED SOLDIERS

US ARMY INSTITUTE OF SURGICAL RESEARCH
BROOKE ARMY MED!CAL CENTER
FORT SAM MOUSTON, TEXAS 78234
1 July 1974 - 30 June 1975
Investigators:
Douglas W. Wilmore, MD

Albert J. Czaja, MD, Major, MC
Basil A. Pruitt, Jr., MD, Colonel, MC

Reports Control Symbol MEDDH-288(R1)

Unclassified

39




ar ety e v ks

ABSTRACT
PROJECT NO. 3A161102B71R-01, RESEARCH IN BIOMEDICAL SCIENCES

REPORT TITLE: CLINICAL OPERATION, SURGICAL STUDY BRANCH FOR
TREATMENT OF INJURED SOLDIERS

US Army Institute of Surgical Research, Brooke Army Medical Center,
Fort Sam Houston, Texas 78234

Period covered in this report: 1 January 1974 - 31 December 1974

Investigators: Douglas W. Wilmore, MD
Albert J. Czaja, MD, Major, MC
Basil A. Pruitt, Jr., MD, Colonel, MC

Reports Control Symbol MEDDH-288(R1)

The Surgical Study Branch has continued to render clinical care
to burn and trauma patients admitted to the Institute from all three
branches of the Armed Forces, in addition to veterans and civilian
emergencies.

in addition to the clinical care of the seriously injured, the
members of this branch have been concerned with problems relating to
the metabolic changes following burn injury and alterations in func-
tion of the gastrointestinal tract and liver. Both branch members
have participated actively in various teaching programs both on a
local, national, and international basis.

Research projects include the definition of the post-traumatic
metabolic response, the neuroendocrine mediators for this response,
and the relationship between energy metabolism and ambient conditions.
In addition, stress ulcers have been studied extensively by endoscopy,
biopsy of the gastric mucosa, measurement of acid secretion and back
diffusion from the stomachs of seriously injured soldiers. Liver
function and bilirubin conjugation studies have been determined to
reflect hepatic alteration following trauma.

Trauma

Post~traumatic metabolism
Combat casualty
Gastrointestinal function
Liver function
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CLINICAL OPERATION, SURGICAL STUDY BRANCH FOR
TREATMENT OF INJURED SOLDIERS

' The three major activities of the Surgical Study Branch are:

1) delivery of medical and surgical care to the thermally injured sol-
dier admitted to this institute; 2) clinical and laboratory research
in problems related to care and rehabilitation of burn patients, and
application of this knowledge to other critically ill patients; 3)

the education of medical and paramedical personnel in the care of the
seriously injured.

Members of this branch round daily to evaluate the patient problems
in the Clinical Division of the US Army Institute of Surgical Research.
The branch chief serves as coordinator of all clinical research, and
all branch members provide consultative service and care in the areas
of post-traumatic metabol ism and nutrition, energy balance, gastro-
intestinal function, and hepatic dysfunction. The expertise of the
branch members has been utilized by members of the Brooke Army Hospital
to see patients in consultation on the General Surgical, General Medical,
Gastroenterologic, Pediatric, and Dermatologic Services of this medical
center. Technigues and modalities developed in this unit are currently
applied to the care delivered to seriously injured patients who remain
hospitalized until all wounds are healed.

Clinical and laboratory research in this division may be placed in
the following categories: 1) temperature regulation; 2) post-traumatic
metabolism; 3) energy balance; 4) nutritional support of critically i1l
soldiers; 5) description of the evolution and etiology of stress ulcers
of the gastric mucosa of burn patients; 6) description of hepatic dys-
function which occurs following injury, with specific emphasis of the
interrelation between hepatic glucose production and energy production of
the burn patient.

Branch members participate actively in teaching activities of this
unit, the Brooke Army Medical Center, and are affiliated on the staff of
the Medical School of the Uriversity of Texas at San Antonio. In addi-
tion, branch members have actively participated in local, national, and
international meetings to present and discuss their research findings
and increase the scientific interchange in these areas of study.

PUBLICATIONS AND/OR PRESENTATIONS:

See report of Clinical Division, USAISR
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ABSTRACT
PROJECT NO. 3A161102B71R-01, RESEARCH IN BIOMEDICAL SCIENCES
REPORT TITLE: ANESTHESIOLCGY

US Army Institute of Surgica! Research, Brooke Army Medical Center,
Fort Sam Houston, Texas 78234

Period covered in this report: 1 January 1974 - 31 December 1974

Investigators: Allister K. Morris, MD, Major, MC
Gary W. Welch, MD, Major, MC
Stephen Slogoff, MD, Major, MC

Reports Control Symbol MEDDH-288(R1)

In 1974, 140 of 226 patients whose dispositions were completed at
the United States Army Institute of Surgical Research were given 433
anesthetics at this institute. This figure includes some 17 patients
who had reconstructive plastic procedures alone. Trese 17 patients
underwent a total of 53 procedures. |In the tables to follow, the
plastic procedures are exc'uded, and 123 patients who had 380 anes-
thetics are used for computation of the statistics. Of the anesthetics
given, 37.374 were ketamine, 29.47% were nitrou, oxide-oxygen and sup-
plementation, 18.95% were halothane, 9.47% were ethrane, 1.84% were
regional anesthetics, and 2.9% were of other than those agents listed
above. O0f those patients receiving ~nesthesia at the Institute of
Surgical Research, the inean number of anesthetics per patient was 3.76.
Four intraoperative complications occurred during the year, and will be
discussed in detail in the text. No intraoperative deaths occurred.
During this year, subanesthetic ketamine for debridement or dressing
change in the Hubbard tank was rarely used, and most debridements were
carried out as major procedures in cthe operating roon.

Anesthe:ia
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ANESTHESIOLOGY

The following is a description of current anesthetic practices
and techniques at the US Army Institute of Surgical Research. Per-
tinent statistical data are included in this report.

PREGPERAT I VE PREPARAT ION

Patients for elective surgery are held NPO after midnight. This
usually involves a fasting period of some 8 to 14 hours. |Infants and

children through age four are permitted clear liquids until 0200 hours.

Using this regimen, we have had one instance of vomiting and aspira-
tion on induction in patients for elective surgery. Seriously ill or
dehydrated patients are given intravenous fluid preoperatively, in-
cluding Ringer's lactate and 57 dextrose in Ringer's lactate or saline
solution. Solutions of essentially the same nature are used for
pediatric cases.

HEMODYNAMIC AND RESPIRATORY ASSESSMENT

All acutely ill patients have arterial blood gas determinations
made daily until their status improves, at which time the frequency of
determinations is decreased. By knowing these values preoperatively
in all seriously ill patients, we are able to adjust our anesthetic
techniques accordingly. Patients who are hypoxemic and require ven-
tilatory assistance are transported to and from the operating room
with the administration of 1007 oxygen utilizing an anesthesia bag,
suitable connectors, and a 1007 oxygen source. Patients requiring
oxygen but no ventilatory assistance are transported with the oxygen
source being delivered to the patient by mask or nasal oxygen prongs.
Once in the operating room, patients requiring ventilatory assistance

may be ventilated manually or with an Air-Shield anesthetic ventilator.

Circulatory status is assessed by hematocrit, serum electrolytes and
osmolality, and urine output, in addition to direct or indirect
measurements of blood pressure. Central venous pressures are measured
retatively frequently and, on occasion, a Swan-Ganz catheter is placed
for measurement of pulmonary artery and pulmonary wedge pressures.

PREMEDICATION

In general, a small amount of narcotic plus either hydroxyzine
or diazepam is given to adults preoperatively. Atropine may be given
in combination with these drugs or is given intravenously prior to
the induction of general anesthesia. Pediatric patients generally
receive a very similar regimen, in reduced dosage, howcver. Pre-
medications are eliminated altogether in the extremely ill patient or
in the child who is particularly afraid of injeclions.
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TYPES OF ANESTHESIA

A. General Anesthesia
1. Ketamine

Ketamine is an intravenous disscciative general anesthetic
which has been available for clinical use for approximately six years,
Approximately 37% of our anesthetics in the operating room are now
administered with this agent. Since cardiovascular reflexes and tone
are well preserved, and a patent airway with good ventilation is usually
maintained, even in the lateral and prone positions, this anesthetic
has permitted numerous operations to be carried out without the use of
an artificial airway. These factors plus the tremendous versatility
of the agent for somatic procedures have significantly improved anes-
thetic management for the thermally injured patient.

2. Nitrous oxide supplement

This technique is used in approximately 30% of our procedures.
lts versatility and relative lack of cardiovascular depression make it
the second most frequently employed anesthetic agent at this time.

When relaxants are added to this regimen, the trachea is intubated and
respiration is controlled. Although pancuronium, d-tubocurarine, and
gallamine are all nondepolarizing relaxants which are available,
pancuronium has been the only one of the three to be used with any fre-
quency this year. Succinylcholine is rarely used, except for acute
emergencies due to its tendency to cause severe rises in potassium

from about postburn day 15 through postburn day 90.

3. Halothane with or without nitrous oxide in oxygen

Approximately 19% of the anesthetics in our institution are
performed with this combination of agents. It is relatively easy to
administer, is nonflammatle, and, with proper dosage adjustment, shows
minimal cardiovascular depression. We have to date observed no cases
of halothane hepatotoxicity. Due to the extreme difficulty of moni-
toring blood pressure in many of our patients, the use of ketamine and
nitrous oxide with supplementation has resulted in a decrease in the
general use of this agent.

4., Enflurane (Ethrane®) with nitrous oxide in oxygen

Ethrane is a newly available, nonflammable, inhalational
anesthetic which has the chemical structure of a halogenated ethyl-
methyl ether. The action of this agent is very similar to halothane
in uptake, onset of action, and emergence time. In extensive clinical
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trials prior to release, and six months of clinical usage, the drug
has demonstrated no propensity for hepatic toxicity. The tendency to
produce twitching or involuntary motor activity, associated with
seizure activity on electroencephalography at very deep levels of
anesthesia, has not been seen at this institution. During the year
1974, approximately 10% of the patients at the Institute of Surgical
Research received enfliurane with or without nitrous oxide for their
anesthesia.

5. Low~dose ketamine - '‘subanesthetic ketamine'

Although this agent was used extensively during the year
1973, it is difficult to maintain that patients who were amnesic and
analgesic were not anesthetized. It has also been demonstrated that,
although rare in occurrence, these patients can lose their patent
airway unexpectedly and the presence of an anesthesiologist is always
necessary. Currently, this technique is being used for very occasional
debridements, suture removal, and dressing changes in small chiidren.

B. REGIONAL ANESTHESIA

Our criteria for regional anesthesia are that a candidate for
a nerve block must not be septic, must have a normal mental! status,
and must not have burns or local infection at or immediately adjacent
to the site of the proposed nerve block. By following these guide-
lines for selection of patients, we have had no complications with
regional anesthesia and no instance of infection or sepsis after nerve
blocking was noted.

MONITORING TECHNIQUES

Below is an outline of our current monitoring techniques for
patients under anesthesia:

A. CIRCULATION
1. Precordial and/or esophageal stethoscope.
2. Pulse monitoring by one finger over a pulse.

3. Blood pressure cuff of the usual type or of the Infrasonde
trademark type, or direct intra-arterial monitoring.

4, Central venous pressure assessment.

5. EKG.
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6. Sponge weighing.

7. Measurement of urine output during surgery.
B. RESPIRATION

1. Counting of respiratory rate.

2. Observance of chest and rebreathing bag.

3. Auscultation of chest,

L, Periodic ussessment of blood gases intraoperatively when j
indicated.

C. TEMPERATURE
1. Rectal or esophageal thermistor probe.

It should be noted that the k-thermia heating-cooling blanket 3
has proved to be of significant value in maintaining body temperature
when large areas of the body are exposed. |In addition, it can help to :
lower body temperature rapidly and safely when a febrile episode occurs '
intraoperatively. Ambient temperature in the operating room is main-
tained at 75° F., and this has been shown to be of benefit in mini-
mizing heat loss.

COMPLICATIONS

Case No. 1

Significant bradycardia and hypotension, probably secondary to hypoxia

This 21 year old white male was injured in an oil rig explosion,
in which he sustained a 32% total body surface burn. The face, upper
extremities, anterior chest, and back were involved, and carbonaceous
sputum was found on bronchoscopy. Approximately one week prior to the
anesthetic, the patient spiked temperatures to 103, and blood cultures
at that time were positive for Klebsiella. The patient was started
on intravenous gentamycin, and a subsequent blood culture (two days
later) revealed no growth. The patient remained alert and cooperative;
however, in the subsequent three days, the patient became progressively
tachypneic with blood gases being reported as normal. Two days prior
to operation, the patient had an increase in respiratory rate to 60 per
minute, and the chest x-ray revealed diffuse interstitial edema. B8lood
gases at this time confirmed the decreased ventilation, with a rise in
pC0, from approximately 30 mmHg to 44 mmHg. The patient was felt to
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be in acute respiratory distress, and was intubated with a nasotracheal
tube. Sedation and paralysis were necessary intermittently to maintain
respirator control. Blood gases at this time on the ventilator were:
p0y 129, pCO, L4.5, pH 7.30, on an inspired oxygen concentration of
50%. The patient experienced a drop in hematocrit, and the next day
bright red blood was noted in the nasogastric tube. Four units of blood
had been given in the previous 24 hours, and lavage had failed to con-
trol the upper GI hemorrhage. The patient was taken to the operating
room, where anesthesia was induced with Valium, 5 mg, and ventilation
was controlled with increments of pancuronium. Another 5 mg increment
of Valium and 50% nitrous oxide were administered for the performance
of a tracheostomy. The nitrous oxide was discontinued for the inser-
tion of the tracheostomy tube, and, after the tracheostomy was complete,
the 50% nitrous oxide was reinstituted and another 5 mg increment of
Valium was given. Whole blood and fresh-frozen plasma were given as
the abdominal operation commenced. The puise strength was felt to
diminish some 15 minutes into the abdominal portion of the operation,
and this was noted to be concomitant with a decrease in the urine out-
put. The patient was felt to be volume depleted. A second unit of
whole blood was administered, along with a second unit of fresh-frozen
plasma, and 200 mg of Lasix was given |V because of the decreased urine
output. Twenty-five milligrams of ephedrine were given IV as a tem-
porizing measure while the second unit of whole blood and fresh-frozen
plasma were being administered, with a noted increase in the pulse
strength. The pulse strength was noted to decrease as the effects of
the ephedrine began to wear off, and isuprel was begun. The patient
was placed on 100% oxygen, and the CO, cannister, which had been de-
pleted, was replaced. The patient became bradycardiac during the
change of the C0, cannister, but responded to .8 mg of atropine V.

One ampule of sodium bicarbonate was given at this time. Throughout
the rest of the procedure, the patient was maintained on 100% oxygen,
and 250 mg increments of ketamine were given to insure that the patient
was amnesic. A third unit of whole blood and two more units of sodium
bicarbonate were given during the remainder of the procedure. As the
skin was being closed, the patient was noted to again be bradycardiac;
1.6 mg of atropine was given IV and closed chest massage was begun;

.5 mg of epinephrine was given intravenously with return of pulse rate
and pressure. Postoperatively, the patient was placed back on the
ventilator, with adequate blood gases on 50% oxygen. The next day,

the patient was alert and reactive with respirator support. One day
later, the patient was noted to be having respiratory difficulty, and
the problem appeared to be a tracheostomy tube obstruction. His blood
gases were consistent with a respiratory acidosis and hypoventilation.
The patient developed a significant bradycardia while his tracheostomy
tube was being changed, and subsequently developed a cardiac arrest
with unsuccessful resuscitation. Postmortem examination showed a large
right pulmonary artery embolus, which was possibly the terminal event.
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The postmortem examination also showed a pneumonia, bacterial in
nature, which was hemorrhagic, necrotizing, cavitating, bilateral,
and severe. The organisms responsible for this pneumonitis were
Providencia stuarti, E. coli, and Staphylococcus. There was also in-
terstitial pneumonitis and edema with hyaline membranes.

Comment

This patient's decrease in pulse pressure was at first felt to be
3 volume related, but, when the pulse pressure did not increase with
| what seemed to be an adequate volume replacement, attempt was made to
p augment perfusion with an isuprel drip. When this appeared to be of
minimal value in augmenting the patient's pressure, the possibiiity
was entertained that the exhausted CO, cannister might be contributing
¥ to the patient's hypotensive state. C(0; is a potent vasodilator in

1 the absence of an adequate catecholamine response. It is possible,

3 however, that secondary tou this patient's severely diminished pul-

- monary capacity that he became hypoxic even on 100% oxygen during the
= short period of time necessary to change the CO, cannister. The

E second episode of bradycardia, however, appeared while the patient

was on 100% oxygen and being continuousiy ventilated. This tendency
of poor response to volume loading and vasopressors has been demon-
strated on numerous occasions in burn patients who have been septic or
are septic and require anesthesia. A somewhat better response has
been obtained in some of these patients when Dopamine has been the
vasopressor employed. Dopamine was not yet available at the time of
this patient's anesthetic.

Case No. 2

Aspiration of gastric contents on induction of anesthesia

This 50 year old white male, heavy equipment operator, sustained
a 27.5% total body surface electrical burn when his equipment came in
: contact with a high-voltage wire. This patient had undergone two
f‘: previous general anesthetics without difficulty. On induction of anes-

thesia with 500 mg of thiopental at the beginning of his third anes-

. thetic, the patient vomited and aspirated a moderate amount of gastric
p | contents. Blood gases on 100% oxygen showed a shunt consistent with
aspiration and continued to deteriorate over the next 30 minutes. The
patient was given solumedrol, 125 mg IV. Three subsequent doses of
solumedrol, 125 mg each, were given at six~hour intervals postopera-
tively. The patient was placed on an MA-1 ventilator postoperatively
with 10 cm of water, positive end-expiratory pressure being applied.
Steady decreases in the inspired oxygen concentration were possible,
and, over the next two days, the patient had progressed to the point
that he was extubated and placed on mask oxygen. His ability to oxy-
genate continued to improve, and, one week later, his PO, on room air
was 70 mmHg.
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Comment

This patient's history was significant in that he had complained
of occasional epigastric distress, especially after a large meal. Sub-
: sequent endoscopy and upper Gl series failed to reveal any abnormali-
e ties. The patient had two other general anesthetics without diffi-
culty prior to his discharge.

Case No. 3

¢ Right mainstem bronchial intubation with equa' breath sounds noted
& bilaterally

o This 31 yea:s old white male was admitted for elective reconstruc-
: tion of his left hand, which had becn burned in a gasoline fire. He
. had undergone a 39% total body surface burn with healing resulting in
™ hypertrophic scar requiring release. Anesthesia in this patient was
; induced with thiopental, and succinylcholine was given to facilitate
intubation. The patient was intubated without difficulty. Cords ap-
4 peared normal, and breath sounds were equal to auscultation bilaterally.
F Immediately postintubation, the patient was noted to have a decreased
P compliance. The endotracheal tube was noted to be free from obstruc-
3 tion. Spontaneous respiration returned, and the patient was begun on
halothane with the nitrous oxide-narcotic technique being abandoned.
This brought about some increase in the patient's compliance; however,
arterial blood gases on 100% oxygen showed a POy of 184, a pC0y of 75,
with a pH of 7.23. A decision was made at this time to cance! the
case since there was the possibility of aspiration, although this was
considered unlikely. Breath sounds were rechecked and found to be
equal bilaterally, and the chest appeared to move equally bilaterally
with ventilation. At this point, a fiberoptic bronchoscope was intro-
£ duced down the endotracheal tube to rule ~ut some mechanical obstruc-
tion, and it was found at this time that the endotracheal tube was
: slightly down the right mainstem bronchus. The tube was pulled back
| with immediate increase in the PO; on 100% oxygen to 220 mmHg. A sub-
» sequent chest x-ray was within normal limits, and the patient was
i placed on a ventilator with 10 cm of PEEP because of the length of
1 time required to make the diagnosis of right mainstem intubation. The
3 patient was ventilated overnight, with restoration of normal pulmonary
' function. Extubation was accomplished at this time.

Comment

It has recently been pointed out that equal breath sounds may be
a misleading factor in determining right mainstem bronchial intubation.
It is recommended that, wherever possible, the endotracheal tube cuff
be focated by palpation with the simultaneous injection of a sufficient
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amount of air to allow this palpation. In this patient, this pro-
cedure may have allowed a more rapid diagnosis of the right mainstem
intubation.

Case No. &4

Hypotension under anesthesia secondary to septic shock

This 14 year old white male sustained a 75% total body surface
burn when his clothing was ignited while flying a mode! airplane which
made contact with a power line. There was no electrical injury. The
patient did well during resuscitation, and continued to do well de-
spite positive biood cultures requiring intravenous antibiotics.

After two weeks of doing relatively well, the patient became lethargic,
confused, and sustained a blood pressure drop to a systolic of 60 mmHg.
The diagnosis of septic shock was made, and the patient was taken to
the operating room to explore his old IV sites for the source of in-
fection. The left antecubital fossa showed a rather large area of
tissue necrosis beneath viable skin, as well as destruction of the
vein. This had a greenish culture, and cultures subsequently grew
Pseudomonas. This area was extensively debrided and left open.

During the anesthetic, which consisted of small amounts of ketamine
and 50% nitrous oxide, the patient progressively became hypotensive.
An attempt was made to start a central venous line prior to adminis-
tration of vasopressors. The patient became progressively more hypo-
tensive and bradycardiac, which necessitated the administration of
atropine, epinephrine, and Dopamine through a peripheral IV. There
was good return of pulse and blood pressure, and an adequate urine
output toward the end of the case. The patient was returned to the
ward and placed on an MA-1 respirator. His inspired oxygen concentra-
tion was quickly reduced to 40% with good blood gases. Because of

the persistent gram negative blood cultures, and because of the un-
certainty of the site of his sepsis, the patient's topical therapy was
changed from Silvadene to Sulfamylon. He was continued on Dopamine
and progressively deteriorated over the next 48 hours. He became

more and more hypotensive and required more and more Dopamine to main-
tain his blood pressure above 80 systolic. The patient required
larger and larger doses of Dopamine and was resuscitated from two
cardiac arrests, but subsequently became more and more hypotensive and
expired.

Comment

This case illustrates the relative effectiveness of Dopamine to
control hypotension during septic shock, but its relative ineffective-
ness when it must be continued and the source of sepsis cannot be
eliminated.
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TABLE 4. GENERAL ANESTHESIA INDUCTION AGENTS, USAISR - 1974

Agent Number of Inductions Percent of Total
IV barbiturate 167 L6.1
IV ketamine Thtb 39.8
IM ketamine 22 6.1
IV other 11 3.0
Inhalation 18 5.00
Total 362 100

TABLE 5. TYPE OF AIRWAY DURING GENERAL ANESTHESIA, USAISR - 1974

Number of
Anesthetics

Percent of Total Number of
General Anesthetics

Mask 128 33.7
Endotracheal tube

(oral and nasal) 102 26.8
Tracheotomy 28 7.4
Natural airway 122 32.1
Total 380 100
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Sixteen patients were hemodialyzed by the ISR Renal Section for
a total of 58 patient treatments. One peritoneal dialysis was super-
vised. Of the 17 patients, only one survived. The rapid bedside
clotting test adapted by the section earlier continues to be most
useful in patient management during hemodialysis. Femoral vein cath-
eterization with Unipuncture hemodialysis has markedly improved acute
hemodialysis access. A video tape has been made of this technique
and presented at professional meetings where much interest has been
generated. Other areas of clinical investigation are also underway,
with particular emphasis on pathophysiology of acute renal failure.

Renal failure
Hemodialysis
Soldiers

Peritoneal dialysis
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CLINICAL OPERATION, METABOLIC BRANCH, RENAL SECTION
FOR TREATMENT OF SOLDIERS WITH RENAL FAILURE

The Renal Section is composed of the chief of the section, a
nephrcologist, Medical Corps, and two enlisted technicians, including
an NCOIC, and is physically located on Ward 13B. The unit encompasses
a one-bed acute dialysis unit and two hemodialysis machines, both
portable systems for use in instances where the patient cannot be
moved to the Hemodialysis Unit. The primary mission of the Renal Sec-
tion is to support the operation of the Clinical Division of the Burn
Unit, providing both consultation for patients with renal and meta-
bolic problems and hemodialysis in cases of renal failure. A secon-
dary mission of the unit has been to support the Nephrology Service
of Brooke Army Medical Center. The USAISR Hemodialysis Unit now pro-
vides backup support when necessary and assists in treatment of cases
of acute renal failure occurring at Brooke Army Medical Center. The
USAISR Nephrology Staff continues to participate in the hospital
Nephrology Training Program. The chief of the Metabolic Branch di-
rects the BAMC Nephrology Service and the chief of the Renal Section
directly supervises Brooke Army Medical Center nephrology inpatient
care and provides consultative services on a rotational basis, and
sees patients in the Nephrology Clinic weekly.

Several patients were dialyzed using the Seldinger technique for
femoral vein catheterization, in conjunction with the unipuncture
machine, which allows dialysis with one venipuncture. Dialyzers used
routinely include the Travenol 145, the Travenol 202, the Extracor-
poreal EX-23 and EX-P, and the Travenol UF 64 and the Cordis-Dow
kidney.

In addition to the dialysis support provided to the hospital and
the unit, several pilot studies have been initiated. A new technique
introduced into the Hemodialysis Unit for controlling blood anticoag-
ulation during dialysis has proven most beneficial. The results of
this innovation were reported at the Southeastern Dialysis and Trans-
plant meeting and have been published. |In addition, a videotape has
been produced showing our technique of unipuncture dialysis via
femoral catheter and has been submitted as a display as well as pre-
sented at scientific meetings. Many visiting physicians have ex-
pressed interest in the femoral unipuncture technique of acute hemo-
dialysis and requested literature. Other projects underway include
measurement of the residual blood volume in coils, evaluation of
urinary sediment in thermally injured patients, calcium metabolism in
the thermally injured patient, and postburn renal histology. Plans
for the future include investigation of intrarenal blood flow in the
thermally injured patient to better define the pathophysiclogy of
azotemia and renal failure.
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Endotoxin is demonstrated in plasma, serum or tissues by extracting with
acetic acid or with chloroform. Livers of 60 patients dying with severe burns
were examined by extracting and measuring for the presence of endotoxin.
Ninety per cent of the liver samples were positive for endotoxin, in amounts
ranging from 0.643ug/gm to 0.001 ug/gm, with a median value of 0.06 ug/gm.
Mean values of 10~ bacteria per gram of tissue were found, but analysis of
assay results in non-septicemic patients, and of endotoxin-negative livers
validate the finding in liver samples, and indicate a potential causal relation-
ship between sepsis and endotoxin build-up in liver.

Endotoxin
Sepsis
Assay
Burns
Humans

65




DETECTION OF ENDOTOXIN IN BURNED SOLDIERS
WITH SEPSIS

The detection of nanogram and even picogram amounts of endotoxin by use
of the Limulus amoebocyte lysate gelation reaction has occasioned much re-
1 newed interest in the role of endotoxin in causing septic shock. Repeated
E attempts to detect endotoxin in the serum or plasma of septic patients have
3 been made (1,2). For reasons not understood, it has not been possible con-
E sistently to detect endotoxin in such samples. In this laboratory, approxi-
‘ mately one-third to one-half of patients whose clinical condition, including
2 gram negative septicemia, would be expected to lead to a positive test for
- endotoxemia, have indeed shown a positive Limulus coagulation reaction. The
rate of positive reactions has not been such that the reaction has received
wide acceptance as an aid in diagnosis of endotoxins, nor has it appeared to
be of prognostic significance. The experience of this laboratory parallels
that of other investigators. There are, however, many other facets of the
endotoxin problem that can be assessed with this sensitive reaction. One of
4 these is the detection and assay of endotoxin in liver tissue at autopsy. Endo-
- toxin has been shown, in experimental models, to be removed rapidly by the
e liver, most probably on a basis similar to that in which foreign bodies such
as serum molecular aggregates can be detected in liver macrophages, after
introduction into the blood. Study of liver tissue at autopsy was initiated in
1973, and a preliminary report was submitted (2). Endotoxin could, indeed,
be detected in blocks of liver tissue collected at autopsy. One-gram amounts
were collected, homogenized in Ten Broeck grinders, the homogenate taken
up in pyrogen-free water, and assayed in a manner paralleling the trichlor-
acetic acid method for plasma endotoxin. Sixty patients had liver samples
collected at autopsy. Since the possibility that endotoxin recovered might re-
flect bacterial contamination rather than sequestered endotoxin, quantitative
counts were made on each sample as soon as it was received.

Although 1000 coliform bacteria per ml from a broth culture will g%ve a
positive Limulus gelation reaction, it does not follow that a count of 10
bacteria per gram of tissue will of necessity give a positive reaction. Even
in grossly contaminated specimens the amount of endotoxin present may far
k- exceed that accounted for by the bacteria presgnt. Negative Limulus gelation
x reactions can occur with tissues containing 10~ or 10 organisms per gram.

4 In cultures, the amount of endotoxin demonstrable from Enterobacteriaceae

is on the order of 0.001 ug or less when 1000 organisms per mil are present.
The larger amounts of endotoxin demonstrable in liver samples are interpreted
as pre-formed endotoxin taken up by liver cells.

1. Lindberg RB, English VC, Pruitt BA,Jr, Mason AD,Jr: Detection of
endotoxin in burned soldiers with sepsis. USA Institute Surg Res Ann Res
Prog Rpt FY 1973, BAMC, Ft Sam Houston, Texas, Section 6.

2. Lindberg RB,English VC, Mason AD, Jr,Pruitt BA,Jr: Detection of
endotoxin in burned soldiers with sepsis. USA Institute Surg Res Ann Res
Prog Rpt FY 1974, BAMC, Ft Sam Houston, Texas, Section 5.
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Endotoxin levels in the livers of 60 patients, 91% of whom had positive
blood cultures during life, are shown in Table 1. Among reacting samples, 43
out of 54 exhibited endotoxin at 0.01 ug/gm or higher, and over half of the
reactors had from 0.02 to 0.08 ug/gm present. These are significant amounts
3 above the level that bacterial content of liver samples would account for. The
k| mean counts of bacteria in liver samples at the various levels of endotoxin

" content are shown in the third column. The bacterial counts, in these groups
farge enough to have a meaningful mean value, were essentially constant
over the whole range of endotoxin values. The constancy of the bacterial
counts reinforces the conclusion that the endotoxin values found in liver of

= these fatal burns are not a function of the bacterial content of the tissue, but
. are independent of them. This distinction is critical if the presence of endo-
toxin in the liver is to be assessed in relation to the problem of sepsis in the
3 burned patient. The possibility that it represents a sequestering mechanism
which is incomplete, in that it fails to detoxify the endotoxin after it is fixed
’ in macrophages or histiocytes, is an attractive one.

Table 1. Endotoxin Levels in Liver Tissues
from Autopsies, ISR, 1974

Endotoxin No. Patients Average Bacterial
ug/gm Count/gm
s0.64% 4 -
0.64 -
0.32 1 104
0.16 3 104>
f 0.08 11 1033
;,'-' 0.04 10 102'(3)
1 0.02 8 107"
| 0.01 5 1033
s 0.005 2 1039
0.002 5 1023
0.001 4 1030
Negative (£ 0.0001) 6
Total tested 60
Median level: 0.06 ug/gm
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All patients with endotoxin in the liver did not exhibit bacteremia. In
Table 2, 6 patients are shown, in none of whom a positive antemortem blood
culture was obtained. The levels of endotoxin were, on average, lower than
the overall total. The gram negative species recovered from the liver were
typical of those found in the entire population3e>1amined. The tissue counts in
these fiver samples gave a median value of 107", i.e., the numbers were com-
parable to the majority of patients who had a diagnosis of septicemia.

In 6 other patients, no endotoxin was recovered from patients who had
unequivocal septicemia. These patients are summarized in Table 3. Four
of the 6 had prolonged episodes of septicemia, with multiple positive blood
cultures with a variety of gram negative bacilli, as well as staphylococci and
group D stgeqtococci. The bacterial counts in the liver samples had a median
value of 107" ', exactly as did those patients with negative blood cultures but
with positive endotoxin in the liver. The distinctive attribute of these patients
with sepsis but no endotoxin in the liver was,in 4 of them, the very proionged
series of septicemic episodes.

The species of organisms found in the liver specimens reflect the blood
stream content of bacteria in this group of patients. The liver and spleen were
found by Teplitz and Lindberg to offer a more precise reflection of the blood
stream content than could be obtained by postmortem heart blood culture. The
number of strains of the various species recovered are shown in Table 4. The
gram positive species included a relatively high proportion of group D strepto-
cocci. Among gram negative species, the proportion of Escherichia coli and
Klebsiella pneumoniae was much higher than would have been expected in view
of the distribution of these species recovered in blood culture. In contrast,
only one strain of Pseudomonas aeruginosa was recovered; again, this low
incidence was surprising in view of the frequency with which Pseudomonas
is recovered from blood cultures.

STABILITY OF LIMULUS AMOEBOCYTE LYSATE

The validity of the ongoing study of endotoxin requires a reliable source
of amoebo%yte lysate. In 1973, a report on reactivity of lysate stored at 4°c
and at -70 °C was compiled; the success of the —700C storage was indicated.
However, further use of aliquots of the lysate pools collected in 1971 occasioned
continued controi t%sting of samples immediately upon thawing and at intervals
during storage at 4°C. Table 5 presents the results of these assays. It was
readily within the capability of all the Iysate samples to generate a usable re-
action at 0.00125 ug/ml of endotoxin, but the lysate held at -70°C until the
time of use was more potent than the same lysate thawed and heid at 4°C.
There are circumstances in which amounts of endotoxin smaller than 0.001 ug/
ml are to be assayed, but in the system thus far employed, this degree of
sensitivity is redundant. The stock of lysate collected in 1971 still includes
a usable volume of sensitive and specific reacting material.

DISCUSSION

Further evidence for the appearance of endotoxin in the liver of severely
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Table 4. Species of Bacteria Found in Autopsy
Liver Specimens from which Endotoxin was Recovered

Species Rcovered No. of Cultures
Strep non hemolytic group D 12
Staph aureus 15
Staph epidermidis 5
Corynebacterium sp 2
Bacillus sp 1
Candida sp 4
Enterobacter cloacae 16
Enterobacter aerogenes 8
Serratia marcessens 7
Klebsiella pneumoniae 22
Escherichia coli 28
Proteus mirabilis 11

rettgeri 1

vutgaris 1
Providencia stuartii 21
Pscudomonas aeruginosa i
No. of cultures gram positive only 0
No. of cultures gram negative «nly 28
Nou. of cultures gram positive and negative 29
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burned patients with sepsis has been shown by the operations described here.
The significance of bacteria in the liver as potential sources of the endotoxin
reaction has been scrutinized; it appears very unlikely that the bacteria
present contribute to the reactions observed. Ninely per cent of the liver
samples exhibited endotoxin, in concentrations ranging from 0.64 ug/gm to
0.001 ug/gm. This finding may represent a basic mechanism contributing

to demise of the septic patient. Cells within the liver clearly contain the
endotoxin, and it may well disrupt essential lysate function or contribute to
the phenomenon of septic shock.

PUBLICATIONS AND/OR PRESENTATIONS

None
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The incidence of sepsis in burn patients, as indicated by number of strains
of staphylococci and of gram negative bacteria recovered from the blood stream,
was higher in 1974 than in any recent year. Staphylococcus aureus, primarily
a monaotype epidemic, was more sensitive to the methicillin group of antibiotics,
and to aminoglycosides, cephalothins and tetracyclines than in previous years,
although these drugs frcyuently failed to effect clinical cure even with in vitro
sensitive strains present. Enterobacter cloacae appeared on an epidemic scale
for the first time, with high tissue levels of organisms connoting high invasive
potential. It was sensitive mainly to minocin and colymycin, as was the case
with Klebsiella pneumoniae, although the latter species was less widespread
as a cause of sepsis. Pseudomonas aeruginosa, still a major cause of sepsis,
was sensitive to colymycin, gentamycin and carbenicillin, although response
of Pseudomonas septicemia to these antibiotics was often inadequate. Further
testing of two new antibiotics, Amikacin and Ticarcillin, showed the former to
hold great potential for Enterobacter, Klebsiella and, to a lesser degree,
Providencia. The latter was extremely active with Pseudomonas, and if it is
pharmacologically sound, its clinical trial in Pseudomonas sepsis is indicated.

Burns

Antibiotic sensilivity
Chemotherapy
Pseudomenas
Provicgenia
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ANTIBIOTIC SENSITIVITY OF CURRENT MILITARY
BURN PATIENT FLORA

Antibiotic treatment is not administered as an all-protecting shield against
burn infection, but when sepsis supervences, systemic antibiotic is the princi-
pal therapeutic weapon available. The level of antibiotic sensitivity of major
microbial species in the burn ward thus becomes of immediate and pressing
concern in treatment of burn patients. The population of bacteria to which
such patients are exposed is largely the endemic flora of the burn ward at any
given time. Specific strains of various species populate the burn ward, and
over a period of time, such strains have optimal conditions for derivation of
resistant forms. Study of antibiotic sensitivity surimarized at suitable inter-
vals, offers the best available guide lines for antibiotic use, and also can
indicate those antibiotics which, having become ineffective by increase in
resistant strains, should be considered for suspension from extensive use,in
the hope that sensitive strains may re-emerge.

TECHNIC AND SOURCES OF STRAINS

Minimum Inhibition Concentration (MIC) technic, as described in this
Institute's Annual Rescarch Progress Report for 1973, is used routinely for
assessing antibiotic sensitivity (1). The test dilution ranges are 25 ug/ml
down to 0.078 ug/ml. For carbenicillin, the range is 2500 ug/ml down to 19
ug/ml. Constant monitoring is applied to inoculum size, which is a critical
factor in reliability and reproducibility of results. End points of inhibition
are assessed on the basis of no visible growth for MIC.

The use of an MIC technic has the advantage of expressing the sensitivity
as an actual concentration of antibiotic under precisely controlled conditions.
lts disadvantage is the time consuming nature of the procedure, which limits
the number of tests that can be done. As a result, most of the MIC procedures
are done on blood stream isolates. This is consistent with a policy of restrained
use of systemic antibiotics; they are not used to prevent proliferation of bacteria
on the burn wound, nor in any other sense as a prophylactic measure.

Sources of strains tested are shown in Table 1. There were 649 strains
tested, of which 623 were blood stream isolates. There were small numbers
of strains from sputum, wound and other sources tested, but the sensitivity
Je: 3 are essentially that of strains recovered from blood cultures from septic
patients. This is, of course, a form of selection in itself, and is heavily
weighted in that it tests only those crganisms that have shown some degree of
invasive capability. This may well be a distinct advantage in the circumstances
under which these data are used as a guideline: the clinician is not, after all,
concerned with the overall microbial flora of the burn patient but with the
control of sepsis.

1.Lindberqg RB, English VC, Pruitt BA, Jr, Mason AD ,Jr: Detection of
endotoxin in burned soldiers with sepsis. USA Inst. Surg. Res. Ann_Res.
Progress Rpt FY 1973, BAMC, Fort Sam Houston, Texas. Scction 6.
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Table 1. Sources and Species of Bacteria Tested
for Antibiotic MIC, 1974

Species Total No. Tested Sources of Strains
Patients Strains Blood Lung Wound Other

Staph aureus 45 222 214 2 3 3
Staph epidermidis 16 16 16 0 0 0
Strep sp (alpha & 9 17 16 1 0 0
non-hemolytic)

Ps acruginosa 35 76 70 4 1 1
Klebsiella pneumoniae 29 73 73 0 0 0
Entero.cloacae 47 119 116 2 0 1
E coli 12 30 29 0 0 1
Prot mirabilis 9 22 22 0 0 0
Prov stuartii 29 57 53 y 0 0
Serratia marcessens 10 17 14 2 0 1
Totals 649 623 15 ) 7

No. of patients with at least one sensitivity test run: 104

The number of strains of each species tested reflects the relative in-
vasiveness and the importance of this species on the overall burn ward
infection problem. Staphylococcus aureus, Enterobacter cloacae, Psecudomonas
aeruginosa, and Klebsiella pneumoniae were the strains of greatest import.
Providencia stuartii, for the first time in 5 years, was, while still numeri-
cally important, of far less import than the 4 major species.

The number of patients who contributed strains is of great significance
in making clear the naturc of the microbial population sampled. Clearly,
¥ one prolonged septicemia contributed 57 to 107 of strains sampled, then
any consistent sensitivity pattern of such a strain could bias the overall
susceptibility pattern of this population.  There were 104 patients from
whom strains tested for sensitivity were acquired, which meant an average
of 6.4 slrains per patient.  Scverely il patients experienced frequent
cpisodes of multiple species or even mixed blood cultures.  The largest
number of strains from onc patient, who had acule bacterial endocarditis,
was 33.  Out of the 222 staphylococcus strains tested, 11 patients contribu-
ted 152 strains; the remaining 70 strains came from 35 patients.  In 1973,
only half as many strains, or 322, were tested as was the case in 1974,
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with 649 strains. The proportion of strains from sputum cultures in 1973

was far larger than was the case with the 1974 group. This collection, being
presented here, is almost exclusively from blood cultures. Only 4% of the
strains came from other sources, and only 15, or 2.3%, came from sputum
cultures. This is an unprecedented circumstance; in all previo'is compilations
strains from sputum, wound and other sources made up a significant part of
the total tested.

The battery of antibiotics used for sensitivity testing in 1974 was the same
as that which was employed in the previous year.For gram positive organisms
(chiefly staphylococci) it included nafcillin, oxacillin, methicillin, lincocin,
clindamycin, minocin, garamycin (Gentamycin), and cephalothin (keflin).
For gram negative organisms, garamycin, minocin, cephalothin, kanamycin,
ampicillin,and collistemethate sulfate (Colymycin) were routinely used. Indol-
negative Proteus sp were tested against penicillin G and Pseudomonas
aeruginosa against carbenicillin. Recent developments in antibiotic dosage
suggest that ampicillin and lincocin may be removed, to be replaced by more
effective agents. The in vitro results with minocin and clindamycin have
been very encouraging, but the side effects of these drugs have resulted in
their receiving only minimal use.

RESULTS OF SENSTIVITY TESTS ON PRINCIPAL SPECIES OF BURN FLORA

Sensitivity of the major groups of microorganisms are presented in the
following tables. The | esulis are expressed in terms of cumulative sensitivity:
eacn inwremcnt inhibits all strains that were inhibited by lesser amounts. An
arbitrary level marking the upper level of sensitivity has been set at 6.5 uy/
ml for gram positive organisms, and 12.5 ug/m! for gram negative bacilli (2) .

Staphylococcus aureus. Sensitivity of 222 strains of Staph aureus tested
in 1974 are summarized in Table 2. In view of this description in another
section of this annual report (3} of a unique and dramatic reversal of the
pattern of resistance to methicillin on the part of Staph aureus, the methicillin
group of antibiotics were of particular interest in this stage of the study. The
percentage of stra‘ins sensitive in 1974 to the least effective of these 3 anti-
biotics, methicillin, was 65.2%, and the other two methicillin type antibiotics,
nafcillin and oxacillin, inhibited 83.3% and 82.6% of all strains tested at 6.5 ug/
ml. Minocin and clindamycin were extremely effective, since they inhibited
in the 96% range at 6.5 ug/ml, and the other antibiotics tested inhibited over
90% of isolates at this level. Complete cross-resistance, which had been ob-
served with decreasing frequency irn the past 3 years, did not appear in any
strain. In 1972, 50 strains and in 1973, 5 strains, completely cross-resistant
were recovered. This trend is of major significance in the biology of staphylio-
coccal resistiance to antibiotics, and it would he gratifying to ascribe to some

2. Finland M: Changing patterns of susceptibitity of common bacterial
pathogens to antimicrobial agents. Ann Int Med 76: 1009, 1972.

3. Lindberg RB,Contreras AA, Smith HOD, Jr, Plowey EC, Mason AD Jr:
Antibiotic sensitivity of current military burn patient flora. USA Inst Surg Res
Ann Res Progress Rpt FY 1973, BAMC, Fort Sam Houston, Texas . Section 7.




Table 2. Cumulative Inhibitory Levels for 222
Strains of Staph aureus, ISR, 1974

Antibiotic Antibiotic and % of Strains Inhibited at Each Level
ug/ml G L Sc Ps U Kf M Cli
> 25 100 100 100 100 100 100 100 100

25 99.0 95.3 91.7 93.1 94.1 95.9 99.5 96.7
12.5 97.7 94.8 84.9 89.0 90.9 91.8 99.0 96.7
6.25 92.2 93.9 65.2 82.6 83.3 90.4 96.0 95.8
3.12 30.7 82.3 31.0 72.6 74.3 86.8 84.3 94.9
1.56 13.7 21.3 9.5 59.3 63.9 78.1 43.9 91.6
0.78 11.0 12.0 3.1 42.9 45.4 63.6 10.7 84.7
£0.78 11.0 12.0 3.1 42.9 45.4 63.6 10.7 84.7
Total tested 218 215 214 219 222 220 205 216

No. of patients from whom strains were collected: 46

G: Gentamycin L: Lincocin Sc: Methicillin (Staphcitlin) Ps: Oxacillin
{Prostaphiin) U: Nafcillin (Unipen) Kf: Cephalothin (Ketlin)

M: Minocycline (Minocin) Cl: Clindamycin (Cleocin)

specific part of the treatment regimen this striking changeover from resistant

to sensitive staphylococci; but no consistent alteration in therapeutic regimen
could be recognized. The change may be correctly described as a reversal of
sensitivity in a bacterial population continually subjected to antimicrobial
agents, i.e., Sulfamylon or silver sulfadiazene, as topica! agents. The use of
systemic antibiotics was not altered in any significant dcgree during this period
of changing sensitivity. The essential practice is to use them with caution and
restriction to specific needs.

The comparison of the proportion of staphylococci inhibited by 6.25 ug/ml
of antibiotic for the past [ years underscores the dramatic change that took
place in 1973 and 1974. These changes are summarized in Table 3. Since the
change essentially started in the middle of 1973, the mean level of sensitivity
was lower for that year than it was in 1974. Further, there was some fluctua-
tion in sensitivity during the months that this staphylococcus population was
changing in its sensitivity to antibiotics. Especially with methiciilin, the pro-
portion of resistant strains reached a peak in 1972; the shift to greater sensi-
tivity was rapid in 1973 and the "sensitive" staphylococcal population is now
very high.
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Table 3. Antibiotic Sensitivity of Staph aureus,
ISR, 1968-1974

Antibiotic Year and % of Strains Inhibited by 6.25 ug/m|

1968 1969 1970 1971 1972 1973 1974
Lincocin 6u.7 48.5 29.8 28.4 26.0 4.3 93.9
Methiciliin 84.6 25.7 18.0 15.5 13.1 50.0 65.2
Oxacillin 80.0 33.0 22.4 20.1 18.8 69.7 82.6
Nafcillin 90.0 41.0 33.9 32.0 26.0 62.3 83.3
Gentamycin - 52.0 32.0 50.0 35.0 67.9 92.2
Keflin ~ - - 56.4 22.6 72.1 90.4
Minocin - - ~ - - 84.1 96.0
Clindamycin - - ~ - - 40.7 95.8

Staphylococcus epidermidis. There were 16 strains of Staph epidermidis
recovered from 16 different patients in 1974. Five of these patients died, but
none of the fatal cases had more than one recovery of Staph epidermidis and
there is little reason to regard this species as a major burn pathogen. However,
its ability to invade the blood stream makes its antibiotic sensitivity of signifi-
cance. Table 4 summarizes the sensitivity levels observed. It was obvious
that the strains were heterogeneous, since their antibiograms varied markedly,
but equally obvious that a high level of sensitivity characterized this group of
organisms. Nafcillin, gentamycin, and minocin were the most effective anti-
biotics, but all of the methicillin group, lincocin and keflin were also shown
to be effective by in vitro testing. The sensitivity of strains of Staph epider-
midis to this battery of antibiotics did not change markedly from that observed
in 1973. The one preceding observation was in 1972; the 9 strains tested that
year were markedly less sensitive than those observed since that time.

Pseudomonas aeruginosa. The continued prominence of Ps aeruginosa as
an opportunistic invader in patients with severe burns is distressingly apparent
despite the large volume of intensive effort devoted to control of this species.
Successful control of burn wound sepsis, initially by Sulfamylon burn cream
and more recently with topical silver compounds, has not reduced other infec-
tions caused by this organism. The scale on which this species appears in burn
patients and especially as the cause of septicemia indicates that overall control
has not been achieved. Antibiotic sensitivity is hence of critical importance,
since when sepsis due to Pseudomonas does occur, the clinician is certain to
need guidelines for initiating therapy before the individual strain can be
tested. There were 35 patients from whom Pseudomonas strains were tested;
of the 76 strains, 70 were recovered from the blood. Pseudomonas septicemia
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Table 4. Staphylococcus epidermidis: Cumulative
Sensitivity for 16 Strains from Blood Cultures on
Burned Patients, ISR, 1974

Antibiotic Antibiotic and 2 of Strains Inhibited at Each Level
ug/ml G L Sc bs U Kf M Cl
> 25 100 100 100 100 100 100 100 100
25 93.7 81.2 75.0 87.5 93.7 87.5 100 81.2
12.5 87.5 81.2 75.0 81.2 87.5 81.2 100 81.2
6.25 87.5 75.0 66.6 81.2 87.5 81.2 87.5 75.0
3.12 75.0 75.0 66.6 81.2 75.0 21.2 87.5 68.7
1.56 75.0 68.7 40.0 62.5 75.0 68.7 81.2 62.5
Z0.73 62.5 56.2 26.6 37.5 62.5 62.5 68.7 62.5

remained a major problem of severely burned patients.

The sensitivity of Ps aeriginosa strains in 1974 is summarized in Table 5.
As was noted in the previous year, three antibiotics, keflin, ampicillin and
kantrex, were virtually ineffective, and minocin was inhibitory to only 15% of
the strains. Gentamycin, inhibiting 61.8% at 12.5 ug/ml, was for the first time
markedly less effective than colymycin, which inhibited 70 strains at the 12.5
ug/ml level. Colymycin was proportionately more effective than gentamycin
in lower concentrations. For the first time since gentamycin was used in this
institute, a significant decrease in sensitive strains occurred in 1974, while
colymycin increased in the number of strains inhibited. The ratio of strains
sensitive to the total tested reversed for these two antibiotics in 1974 from
the relationship seen in 1973.

Carbenicillin remained, in 1974, a promising antibiotic for Pseudomonas;
almost half of the strains were inhibited at 39 ug/mi. Carbenicillin is tested
at a higher concentration than is the case for other antibiotics. It is the
mainstay of the armamentarium for treating susceptible strains causing
Pseudomonas sepsis.

Progressive, annual changes in antibiotic sensitivity of Ps aeruginosa are
shown in Table 6, for 1969-1974. The behavior of Pseudomonas toward
gentamycin has fluctuated, but it reached its lowest level of sensitivity since
it has been observed, in 1974. 61.8 per cent nf the strains tested were sensi-
tive to this antibiotic. Conversely, colymycin has become more effective during
this period. The proportion of sensitive strains reached its all time high of 93.3"
of strains tested in 1974, Carbenicillin has increased in in vitro eftectiveness
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Table 5. Pseudomonas aeruginosa: Cumulative

Inhibitory Concentrations for 76 Strains, ISR, 1974

Concentration Antibiotic and % of Strains Inhibited
ug/ml G M K Amp Kf Co Conc Cb
ug/ml
> 25 100 100 100 100 100 100 >1250 100
25 63.1 61.8 13.3 1.5 1.3 94.6 1250 84.6
12.5 61.8 15.7 2.6 1.5 1.3 93.3 625 80.0
6.25 60.5 6.5 1.3 1.5 1.3 93.3 312 75.3
3.12 46.0 3.9 1.3 1.5 1.3 82.6° 156 70.7
1.56 30.2 1.3 1.3 1.5 1.3 49.3 78 64.6
0.78 30.2 1.3 13 1.5 1.3 10.6 39 46.1
<€ 0.78 6.5 1.3 1.3 1.5 1.3 10.6 19 6.1
G: Gentamycin (Garamycin) M:  Minocin K: Kantrex {(Kanamycin)
Amp:  Ampicillin Kf:  Keflin (Cephalothin) Co: Colistimethate sulfate
(Colymycin) Cbh: Carbenicillin (tested at higher concentrations than other

antibiotics)

since 1972. Although resistant strains are recovered intermittently, the
likelihood of carbenicillin being ineffective against Pseudomonas was far
fess in 1974 than it was in 1971. The increase in strains sensitive to this
analogue of penicillin occurred at the sanie time that an increase in sensi-
tivity to methicillin occurred in staphylococci. Carbenicillin was, in vitro,

more effective in 1973 and 1974 than it had been at any previous time.

Klebsiella pneumoniae. Among species of the family Enterobacteriaceae,
strains of Klebsiella were numerically secord only to Enterobacter cloacae
among strains tested for antibiotic sensitivity in 1974, The enteric organ-
isms are ubiquitous in the immediate environment of the severely burncd
patient, and there is littie likelihood of eradicating a species which can
readily re-seed the burn from the pctient's own gut or respiratory tract.

Cumulative sensitivity of 73 strains, from 29 patients, is shown in
Table 7. Minocin and colymycir ware the only antibiotics with a high
degree of inhibitory action agair st i species.  In 1973, gentamycin
inhibited 83.3, of strains tested, kantrex 720 and keflhin 60,87, The




Table 6. Comparison of Antibiotic Sensitivity of
Pseudomonas aeruginosa, 1969-1974

Antibiotic Year and % inhibited at 12.5 ug/ml
1969 1970 1971 1972 1973 1974

Kantrex 12.0 1.5 0 0 2 2.6
Keflin 5.4 0 58 0 0 1.3
Colymycin 61.0 63.4 73.3 70.0 86.2 93.3
Gentamycin 75.8 71.6 71.4 68.0 84.3 61.8
Ampicillin - - - - 0 1.5
Minocin - - - - 31.3 15.7

Carbenicillin 50.0 33.9 30.0 34.6 80 .4 70.7
156 ug/m!

change to resistance to these antibiotics was abrupt; not one of them in 1974,
showed a reasonably effective level of inhibition. Although they were not
sought out, it is highly probable that episomal transfer factors have created
these resistant strains from the previously heterogeneous and relatively sen-
sitive population. This change has appeared after a relatively long period,
since 1970, in which strains of Klebsiella pneumoniae changed littie in sensi-
tivity to antibiotics. This foss of sensitivity in a species which is relatively
common in sepsis in burn patients is disquieting. The rate of extension of
transmissable resistance factors appears 0 be increasing. New antibiotics
will be sought to reverse this pattern, but the process could well repeat
itself.

Enterobacter cloacae. It has been pointed out that Enterobacter cloacae
has in a single year increased numerically in incidence in the burn patient
from being a relatively inconspicuous and presumably benign part of the
burn flora to being a major problem as a cause of sepsis. In 1973, 15 strains
of Entero cloacae were tested for sensitivity. (n 1974, 119 strains, all but 3
of which were recovered from the blood, were tested. [tis evident that a new
opportunistic pathogen presents itself here; in previous years, the numbers
tested for antibiotic were so small that they did not merit tabulation.

Table 8 summarizes the sensitivity of the Entero cloacae strains collccted
from blood cultures in 1974. The strains were sensitive to minocin, from 3
uy/mi upward, to a very high degree. Colymycin was the other effective
druy, and it was extremely effective. Minute amounts {£0.78 ug/m!) served
to prevent growth in 727 of stirains tested, and over 909 of isolates were
inhibited by 3.1 ug/ml. The other antibiotics in the test battery: gentamycin,
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Table 7. Klebsiella pneumoniae: Cumulative
Sensitivity for 73 Strains, ISR, 1974

Concentration Antibiotic and % Inhibited
ug/mi G M K Amp Kf Co '
¥ 25 100 100 100 100 100 100 :
25 43 91.7 8.2 5.4 19.4 95.8 5
12.5 15.2  90.4 8.2 1.3 13.8 95.8 E
6.25 12.8  83.5 4.1 1.3 12.5 95.8 3
3.12 12.5  58.9 1.3 1.3 4.1 958
1.56 4.1 4.1 0 1.3 0 79. 4 }
0.78 2.7 0 1.3 0 43.8 !
< 0.78 2.7 0 1.3 0 43.8 i
Total tested 72 73 73 73 72 73

.

kantrex, ampicillin and keflin, were of little potential value against this
newly prominent species of Enterobacteriaceae. Further search for anti- :
microbials effective against Enterobacter is urgently needed, since this
ubiquitous opportunist so readily reaches the burn patient, and has now
exhibited an unsuspected predilection for invasive proliferation in the
burn wound.

Proteus mirabilis. There were 22 strains of Proteus mirabilis re-
covered from the blood stream of 9 patients during 1974. This is a minor
part of the total picture of sepsis in the burn population at the Institute of
Surgical Research, but in view of the fact that 8 of these 9 patients died,
and that 5 of them had from 2 to 5 successive positive blood cultures, the
capability of this species for causing significant infections is indicated. The
sensitivity of these strains is shown in Table 9. In addition to the basic
battery of 6 antibiotics, penicillin G was evaluated, since it has been des-
cribed as effective against many indol-negative Proteus strains. Gentamycin,
kantrex and keflin were by far the most effective antibiotics against these
strains. All strains were inhibited by keflin at 12.5 ug/ml!, all but one by
gentamycin and over 60% of them by kantrex. The remaining antibiotics
were so ineffective as to be beneath consideration. Four strains were in-
hibited at 12.5 ug/ml by penicillin G. When the behavior of these isolates
was adjustcd in terms of letting each contributor of several strains carry
the average sensitivity as one strain, there was no essential change in the
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Table 8. Enterobacter cloacae: Cumulative

Sensitivity for 119 Strains, ISR, 1974

Concentration Antibiotic and % Inhibited

ug/mi G M K Amp Kf Co

25 100 100 100 100 100 100
25 48.7 96.6 6.7 6.7 2.5 95.7
12.5 13.4 94.9 4.2 u.2 1.7 94.9
6.25 13.4 94,1 4.2 3.3 0.8 93.2
3.1 1.7 70.5 1.6 2.5 0 91.5
1.5 8.4 5.0 0.8 0.8 0 87.2
0.78 4.2 3.3 0.8 0.8 0 72.0

& 0.78 .2 3.3 0.8 0.8 0 72.0

No. of strains tested: 119

sensitivity ratios. None of these patients were examples of single species in-
volvement; other species were also recovered.

Table 9. Proteus mirabilis: Cumulative
Sensitivity for 22 Strains, ISR, 1974

Concentration Antibiotic and % Inhibited

ug/mi G M K Amp Kf Co Pen G

»25 100 100 100 100 100 100 100
25 95.2 54.5 81.6 18.1 100 0 18.9
12.5 95.2 4.5 63.5 18.1 100 0 18.9
6.25 72.5 4.5 27.2 18.1 81.5 0 4.7
3.12 58.9 4.5 4.5 i8.1 40.7 0 0
1.56 40.8 4.5 b.5 13.6 22.6 0 0
0.78 4.5 4.5 4.5 0 9.0 O 0
£0.78 4.5 4.5 4.5 0 9.0 O 0

No. of isolates tested: 22




Providencia stuartii. There were 29 patients from whom a total of 57

strains of Providencia stuartii were recovered. This is a somewhat lower inci-
dence of Providencia infection than had been seen in previous years, but

the organism has been a very dangerous burn wound pathogen and there is no
assurance that it will diminish further. Out of the 29 patients with Providencia
septicemia, 23, or 79.3%, expired. As had been described previously, the
appearance of Prov stuartii, often after another species had previously been
recovered, was very apt to be a terminal event.

There were no strains of Prov stuartii suppressed by 25 ug/mn! of any of the
6 antibiolics tested. in 1969- 1570, ygyentumycin, colymycin, tetracycline, kantrex
and keflin were active at 12.5 ug/ml against a small part of the total population.
This proportion decreased in 1970, Since 1970, no strains sensitive to the test
battery have been recovered. This total cross resistance is not only serious
from the standpoint of there being no effective antibiotic for this organism, but
the implication of a large pool of transfer resistance factors which can be intro-
duced into other Enterobacteriaceae is disturbing. As has been pointed out
earlier, the Providencia strains behave in an epidemic manner, and are ob-
viously capable of seeding a burn population completely. This pathogen re-
mains a major concern in burn patients, and no good solution leading to its
control has been advanced.

Escherichia coli. An ubiquitous enteric species, Escherichia coli, has a
consistent but relatively low level of behavior as a systemic invading organism,
and in 1974, 30 strains, all from blood cultures from 12 patients, were tested
for antibiotic sensitivity. The cumulative sensitivity of these strains is shown
in Table 10. The most potent antibiotics against these isolates were colymycin
and minocin. Gentamycin inhibited two-thirds of the isolates, and the remaining
antibiotics were effective against from one-third to one-fourth of the strains
tested. Although the number of strains of E coli had not, in previous years,
reached numbers to justify setting down sensitivity results in detail, the anti-
biotics of greatest effectiveness have been minocin (or formerly, tetracycline),
colymycin and to a lesser extent, gentamycin.

Serratia marcessens. Serratia marcessens has, at times, caused serious
outbreaks of sepsis on the burn ward, but in 1974 its incidence was low and
sporadic, and it was not found in blood cultures after June 1974. There were
10 patients from whom 17 strains altogether were recovered from the blood.
They were relatively resistant to antibiotics: all were inhibited by minocin at
6.25 ug/ml; gentamycin, ampicillin and kantrex respectively inhibited one-
fourth or less of the strains at 12.5 ug/ml, and keflin and colymycin were
totally inactive against these strains of S marcessens. The species continues to
appear on burn wounds and on other sites, but has not recently been a matter
of concern as a cause of sepsis.

EXPERIMENTAL ANTIBIOTICS TESTED, WITH REFERENCE TO PSEUDOMONAS
AERUGINOSA AND PROVIDENCIA STUARTII

In view of the continued importance of Ps aeruginosa and of Prov stuartii




Table 10. Escherichia coli: Cumulative

Sensitivity of 30 Strains, ISR, 1974

Concentration ] Antibiotic and % Sensitive

uy/ml G M K Amp Kf Co

225 100 100 100 100 100 100
25 83.2 96.6 51.6 26.5 59.8 89.8
12.5 66.6 83.3 37.8 26.5 33.2 89.8
6.25 56.6 70.0 20.6 19.9 29.9 89.8
3.12 56.6 50.0 0 6.6 3.3 86.5
1.56 23.3 40.0 0 0 0 83.2
0.78 3.3 20.0 0 0 0 46.6
<0.78 3.3 20.0 0 0 0 46.6

as opportunistic invaders, and of the relative to complete antibiotic resistance
shown by these species, further in vitro study was made of two experimental
antibiotics: BB-K8 (now designated as amikacin) and BRL-2288, or ticarcillin.
In vitro tests of isolates of Ps aeruginosa were compared in ticarcillin and
carbenicillin to which it is a close analogue. Tests were an extension of initial
observations made in 1973.

The cumulative sensitivity of these strains is shown in Figure 1. The effec-
tive concentration range for ticarcillin, like carbenicillin, is higher than is the
case with most categories of antibiotics, and concentrations up to 156 ug/ml are
regarded as connoting a clinically meaningful sensitivity level.

Ticarcillin was more active than carbenicillin. Over 80% of the strains were
inhibited by 39 ug/ml, and over 90% by 78 ug/ml. In contrast, 39 ug/mi of
carbenicillin inhibited only 42% of the strains, and 78 ug/m! inhibited 72¢, of
the strains. These promising results in vitro, together with laboratory evidence
of the feasibility of controlling Pscudomonas burn wound sepsis in the experi-
mental rat model, strongly indicate that ticarciilin shouid be considered, assum-
ing that clinical trials have indicated its safety, in the not inconsequential number
of cases of septicemia due to Ps aeruginosa which still occur in this Institute.

Amikacin, or BB-K38, ptuduced Ly Bristoi Ldburatories, has been scrutinized
with particular care because of its reported effectiveness against Prov stuartii .
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Tests were extended to include other species of Enterobacteriaceae capable of

Caustng sepsis in burned patients . Twenty-six strains of Prov stuartii, pri-
marily from blood cultures, were tested along with 54 strains of Klebsiella
pocumoniae, 45 strains of Enterobacter cloacae, and 54 strains of Ps aerugirlgig.
The results are presented graphically in Figure 2. The most dramatic result
occurred with Enterobacter cloacae, which has, in its enlarged role as a burn
pathogen, been fess than amenable to antibiotic therapy . At 3.12 ug/ml, over

95 of Enterobacter strains were inhibited. Among other antibiotics tested
against Enterobacter, only colymycin and minocin are active in this range. Each
of these two antibiotics has attributes that make it less than optimal as a thera-
peutic agent. The effectiveness of amikacin merits further investigation.

13
t
. . - . . . . i
Klebsiella pneumoniae was also highly sensitive to amikacin, although not 1
to the degree of Enterobacter. Pseudomonas strains were inhibited to the %
1
i

extent of 857 of those tested at 6.2 ug/mi. Prov stuartii, the initial reason for
trying amikacin, was the least affected by the drug; 30.7% of the strains tested
were inhibited by 6.25 ug/ml, and 65% by 12.5 ug/ml. This is almost identical

to the first brief study of Providencia strains; the sensitivity is at least far more
promising than the total lack of sensitivity to available antibiotics. Amikacin
appears to hold real promise in therapy of sepsis occasioned by Enterobacteriaceae,
and possibly by Ps aeruginosa as well.

e A ek

DISCUSSION

e, D] A

Knowledge of the changes in sensitivity to antibiotics which occur with
some species of bacteria in the Institute of Surgical Research burn patient popu-
lation are of great importance in programming the most effective presumptive d
therapy for use in the early stages of sepsis in these patients. While sensitivity :
determinations are done routinely on all blood stream isolates and on request,
from any other source, there is a relatively long delay between the first signs
of septicemia and the acquisition of these data. In this interval the selection of
antibiiotic by the clinician may be greatly aided by knowledge of the sensitivity
pattern of recent isolates. Further, occasional dramatic profound changes in
antibiotic sensitivity of strains of bacteria known to be endemic on the burn ward
have occurred. Definitive explanation of these changes has not yet been achieved
and only precise chronologic assessment of sensitivity will detect such changes
so that we can at least have a a strarting point for assigning significance to this
phenomenon,

it

The Staph aureus populations followed a new trend in sensitivity in 1974, by
reaching a new high in sensitivity to the methicillin group of antibiotics. This
pattern also extended to lincocin, minocin, clindamycin, gentamycin and keflin.
Despite a mean sensitivity pattern which did not include even one strain with
complete cross-resistance, in contrast to 50 cross-resistant strains observed in
1972, the incidence of sepsis due t.. stanhylococci rose in 1974 over that in 1973,
More people had prolonged staphyliucoccal septicemia than had been recorded
previously. Thus, in the presence of a highly in vitro sensitive population of
organisms, control of infecti~n by antibiotic was less successful than it had been
during a period of high antibiotic resistance.
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The major burn pathogen Ps aeruginosa, exhibited no marked change in the
sensitivity of its population to antibiotics, with the possible exception ot a
decrease in sensitivity to minocin. The spectrum of effective safe antibiotics !
availabe for treatment of Pseudomonas sepsis is narrow, and the in vitro effec-
tiveness of ticarcitlin and of amikacin, assessed as part of a survey of potential
therapeutic agents, strongly indicates the need for a trial of these agents in
episodes of such a nature.

Appearance of resistance to antibiotic was obvious with Klebsiella pneumoniac ‘4
from burn patients in 1974, Gentamycin, kantrex and keflin fell from 60 to 80°
of isolates sensitive to a level of 8 to 157 sensitive. Again, the need for more
cffective antibiotics makes consideration of amikacin, to which the 1974 Klebsiella
isolates were very sensitive, a subject for serious consideration. The same
situation prevailed for Enterobacter cloacae, although there was no antecedent
information on sensitivity of a comparable order, since until 1974 £ cloace had
not been a numerically significant cause of sepsis n burns. -

Other species of Enterobacteriaceae were found in numbers too small to make
their role in sepsis significant, with the exception of Providencia stuartii. This
species remained resistant to all antibiotics tested with the exception of the
experimental amikacin, with 65¢ of strains inhibited by 12.5 ug/ml. This is not
an optimal inhibitory capability, but it is, currently, the best available and
would appear to merit trial in cases of sepsis due to Providencia.

The control of established sepsis in burn patients by use of systemic anti-
biotics is more than ever one of finding a means of controlling broadly-resistant
gram negative bacilti. The available antibiotics are on the bsis of in vitro in-
hibitory potential, far from an adequate answer. Further search for effective
compounds will be implemented.
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25. (U) 74 07 - 75 06 A monotype epidanic of Staphylococcus aureus phage type 84
continued after 1973 but a relatively rapid conversion of a methicillin-resistant to a
methicillin sensitive population occurred with other categories of antibiotic reaching
new peaks of sensitivity. Although in vitro sensitivity reappeared there was no
lessening of the severity or extent of staphylococcal sepsis as a problem in burned
patients. Further assessment of pathogenic behavior of staphylococci is called for.
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Evaluation of the very extensive Staphy'ococcus aureus colonization and
imfection probiem by phage typing and antibiotic sensitivity reveated exis-
tence of o unique, 3-year long epidemic of multiply-resistant Staph. aurcus,
phage type 84. Resistance to methicillin was exceptionally high. Extensive
cross-resistance occurred over the entire spectrum of antibiotics available

for staphylococcal discase. Starting in mid-1973, a reversion to sensitivity
began, which during 1974, reached a climax level v.ith a greater sensitivity

to the methicillin group, cephalothins, aminoglycosides and tetrocyclines than
had previously been seen. The phage type remained unaltered although a
recent shift in type to 84,85 has been manifest. The extent of staphylococcal

infection has not lessened with the improved status of sensitivity in this
v population.

R g H T

Staphylococcus
Septicemia
Burns

Burn Infection
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LAMERGENCE OF METHICILLIN RESISTANT STAPHYLOCOCCUS
AURLUS TYPE 84 AND 84,85 IN BURNED MILITARY PLRSONNEL

Staphylococcus aurcus in burned patients has offered an anomalous
prcutre of o presumably controtled and controtlable pathogen which, after a
relatively quiescent pero> i 1962-1968, re-appeared as a major cause of
morbidity and mortality in burned patients . In 1974, the sequence of initial
staphylococcema followed by gram neqgative sepsis was a conspicuous feature
in the course of fatally burned patients . Staphyliococcemia as a primary
comphication was scen more frequently, and staphylococcal colonization of
burns was ubiquitous . The level of antibiotic susceptibility varied markedly
during the period 1963 1974, the organisms went from a relatively susceptible
pupulation to an almost completely resistant one, then reverted, with g rela- 1
tively unchanged phage type, to an antibiotic-sensitive series of strains, |
wvhich is presently on hand. But such bizarre shifts in sensitivity offer no :
reassurance that the staphylococct will now remain sensitive, especially to

the methictlhn groun of antibiotics. §
Staph aurcus was the spuaies most frequently recovered in biood culture i

in 1974, This was in contrast to the previous year, when there was an f
absolute decrease in staphylococcemia, Most of the staphylococci recovered 1
. . N . ¢
in blood were part of a mixed bacteremia, cither preceded or followed by :
. . {4

gram-ncqgative bacilh in the blood stream., i
Phage Types of Staph aurcus Over the Period 196%-1974. ¢

X oS i

The incidence of the predominant phage types which made up this epi-
demic staphylococcus population are summarized over the period from 1968
through 1974 in Figure 1. The percentage of patients harboring a given
strain is shcwn in the total proportion covered by the block outline. The
solid black arca represents the percentage of all strains that were of a given
type tor that year.

R

Luring the period from 1968 onward, type 84, type 84,85, the 47,54, 75,
84,85 group and the nontypable strains were the most commonly encountered
forms. No other types occurred in significant numbers. By 1970, type 84 was
recovered from 407 of the patients . At this voint the strain represented by
type 84 preempted the patient population. During the next 3 years, it never
full in colonization rate below 78% of the patients. Next in frequency to type
84 were nontypable strains, which presumably represent a heterogencous
populatio . At the same time that an increase in incidence of type 84 was
occurring, in 1970 a unique cutbreak of a group of strains classified as
47,54,75, 84,85 appeared and occasioned a striking peak incidence which
abruptly disappecared at the end of that year. It has since been scen only
often enough to assure thai it still exists, but has never again exhibited
the broad persistence that characterized its peak incidence. Itis of
particular interest that group | types, including the classic "hospital strain®
of the 52,52A, 80,81 group have not been found in numbers sufficient to have
them appear in the compilation of types. Phage type 84,85 merits specific
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comment since it is closely related to type 84, but it has failed to reach
Sumerical incidence comparable to type 84, It virtually disappeared in 1970
and 1971, and since then has been recovered with increasing frequency . Its
proportionately high incidence in patients in contrast to its proportion of

all strains recovered reflects the fact that it tends to appear once or twice

in a patient's cultures, then disappear.

Staph Phage Types, ISR, 1974

There were 1152 strains of Staph aurcus from 166 patients on the burn
ward, typed in 1974. They were from all sources: wound, blood, sputum,
urine catheters, etc. The overall frequency of the predominant types is
shown in Table 1. The incidence of patients positive gives a trucr picturc
of incidence in one respect, that it discounts the distortion of incidence
which occurred when one or two patients contributed a disproportionate
number of strains. The frequency of major groups was as it had been in
recent years; type 84 from 67¢ of patients, nontypables from 41.6% of
patients, and 84.85 from 34.3% of patients. Type WH-T, now re-designated
as type 94, appeared in virtually identical proportion to its occurrence in
1973: 10.2% of the patients werce positive at least once, although only 2.3%
of the strains were WH-1. Type 75 is probably a member of the 47,54,75,84,
85 group. The categoriecs shown accounted for 94. 6% of all strains. The
staphylococcus population,in terms of predominant forms, changed but little
in 1974 over the picture seen in 1¢72 and 1973.

Table 1. precominant Staphylococcus

aureus Phage Types in ISR Rurn
Fatients, 1974

Patients Strains
Phage Type
Per cent

1 65.9 55.6
Non-typeable Liv.6 15.6
al, 95 34,3 1.2
WH=1 10.2 2.3

75 3.0 0.5

29 1.0

2.h
53 n.4




Staph aureus from Blood Stream Infections, 1974

The septicemic strains may readily be pictured as possessing invasive
and pathogenic attributes not shared by all staphyliococci. If this were
true, phage type differentiation might show such a distinction, and the
recognition of more virulent human strains could improve therapeutic
approaches to their control. There were 204 strains from blood cultures
on 42 patients lyped during 1974, Table 2 summarizes the type distribu-
tion observed. The type distribution was in fairly close agreement with
the overall type distribution, both in terms of patients positive for a given
type and for the proportion of strains of each type. A higher proportion of
nontypable strains were associated with a fatal outcome than would have
been anticipated, and a proportionate lessening of lethal outcome in type
84,85 bacteremia. This reversal would not be sufficient to justify the
assumption that a major difference in type behavior could be discerned.
The percentage of patients with type 84 in the blood was 66.6%; 66.9% of
patients had type 84 from all sources. Type 84,85 was recovered from the
blood of 31% of patients with staphylococcemia, and in 34.3% of patients with
staphylococci from all sources. Nontypable strains were found in 16.2% of
patients with positive blood cultures and in 41.6% of patients with staphylo-
cocci from all sources.,

Table 2. Phage Types of Staphylococcus aureus from Blood
Stream of ISR Burn Ward Patients, 1974
Phage Type
Patient No. of 8L aL, 85 NT Other

ratients-Strains Types

No. of Patients-Strains fach Type

Survived 12-4k 8.25 3-11 1-7 1-1
Expired 30-160 20-94 10-4LL 10-19 3-3
Total L2-20L 28-119 13-55% 11-26 L.y

Staph aureus Types From Lung Tissue at Autopsy of Burn Patients

The predominant species of bacteria in the lung at autopsy can be of
major significance in establishing the etiology of the pneumonia which, as
¢ complication in severe burns, can contribute in a significant degree to

“.tal outcome. The phage type found among staphylococci recovered from
frin 1 at autopsy were hence cultured.
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Twenty-seven patients yielded a total of 67 strains of Staph aureus
from autopsy culture of the lung. The phage type distribution is summarized
in Table 3. There were 20 patients with type 84 in the lung, 7 with 84,85,
and 4 with nontypable strains. With due regard for the small sample size,
these numbers are comparable to the type distribution of the whole staphylo-
coccus collection. Nontypable strains were found in only 15% of the patients;
they were 41.6% of all sources. Such a discrepancy is consistent with the
interpretation that the most heterogeneous and mixed collection of staphylo-
cocci would indeed come from undifferentiated sources and would include the
highest proportion of nontypable strains with the lowest proportion of tissue-
invading strains.

Table 3. Fhage Types of Staphylococcus
aureus from Lung Tissues, 1974

Phage Type

8L 84,85 NT WHe1 53 N

No. of Patients - Strains

20-Lo 7-16 L9 1-1 1-1 1-1

Antibiotic Sensitivity of Staphylococci, 1970-1974

The development of a population of staphylococci highly resistant to
antibiotics of all major categories has been observed in the Institute of
Surgical Research, with the peak of antibiotic resistance occurring in 1972.

In the following year, 1973, there was a reversal of sensitivity, even though
the predominant phage type did not change. At that time, a change in sensi-
tivity to Oxaciilin and Nafcillin occurred, with a later change in the sensitivity
of staphylococci to methicillin,

The sensitivity of the staphylococci since 1967 is summarized, on an
annual basis in Table 4. Sensitivity is regarded as having an upper limit
of 6.25 ug/mi; inhibition by this or a lower level qualifies the organism as
sensitive.

It is obvious that the change in sensitivity that began in this epidemic
population in 1973 progressed to the category of an extremely sensitive
population of staphylococci by the beginning of 1974, The least active anti-
biotic, methicillin, was effective against 55.2% of the population; this figure
had not changed since 1973. Every other antibiotic had a higher tevel of
sensitive strains in 1974 than was seen in 1973. Whether the methicillin
sensitivity will remain at this level cannot, at present, be foretold; the
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Table 4. Antibiotic Sensitivity of Staph aureus
. of Strains Inhibited by 6.25 ug/ml or {ess

Antibiotic and Per Cent Inhibited

Year G L Ps Sc ] Kf M Cl
1967 - 89.4 94.0 61.1 94.4 - - -
1968 - 64.7 80.9 84.6 96.0 - - -
1969 52.0 48.5 33.0 25.7 41.0 - - -
1970 3.0 29.8 22.4 18.0  33.9 - - -
1971 56.0 28.4 20.1 15.5 33.0 56.4 - -
1972 35.6 26.0 18.8 13.1 26.0 22.6 51.5 -
1973 67.9 44.3 69.7 50.0 62.3 72.1 84.1 40.7
1974 92.2 93.9 65.2 82.6 83.3 90.4 96.0 95.8

G: Gentamycin; L: Lincocin; Ps: Oxacitlin; Sc: Methicilfin;
U: Nafcillin;  Kf: Keflin; M: Minocin; CI: Ciindomycin

slight decrease between 1973 and 1974 could be a warning of further loss of
activity, or could be a minor fiuctuation.

The sensitivity of Staph aureus to the battery of test antibiotics is
shown in graphic form to make more obvious the really extreme sensitivity
that has been observed in this population (Figure 2) The proportion of all
strains that are inhibited below the cut-off of 6.25 ug/ml is very high;
methicillin is the only antibiotic that does not inhibit over 80% of strains at
that level. The broad extension of increased sensitivity is shown in figure
3; here sensitivities to Lincocin, Keflin, Clindomycin and Minocin are
summarized. Lincocin and Minocin were highly effective starting at 3. 12
ug/ml; Keflin and Clindomycin were extremely active at the minimum test
concentration of 0.78 ug/ml. This change of sensitivity in a population of
staphylococci which remained of the identical phage type has no precedent
in current literature. It is not a phenomenon that has been previously
observed.

Chronologic Sequence of Staph aureus Phage Types, 1974

In view of the unique quality of the staphylococcus senstivity pattern,
the sequence of events in the staphylococcus population with reference to
succession of types was analyzed on a monthly basis. The sequence is
illustrated graphically in figure 4.

101

el syt

e R s 0 e o b e



nhibited

percent of strairs

Figure 2

100,

90

80

70,

60

50

Lo |

30

20

«

CUMULATIVE SENSITIVITY OF STAPH. AURTUS TO ANTIBIOQ™IC

METHICILLIN, OXACILLIN, NAFCILLIN AND GENTAMICIN - 1974

Methicillin ssesvessseascecssns
Oxacillin  con e o) eopnEiE—

Nafcillin wesususesume

No. strains tested 220

o
o
saanasescassal

.18 .78 1.5 3012 6.25  12ls 25.0  »25.0

Concentration mcg‘m!

GENTAMI CiN: com e ity o caumm «

L

.

" y

e




wz

s A 6

et S ARG

SISy

CUMULATIVE SENSITIVITY OF STAPH AUREUS TO ANTIBIOTIC

Figure 3.
LINCOCIN, KEFLIN MINGCIN AND CLINDAMYCIN - 1974
100,
-
_’—W i
.’O-"'
90 s
8o
70
o
M
E
? 60‘
w
<
.
s
°
;l 8
S 40
; ; [ :' Lincocin Lassassnnscnasnng
a I :
/ H keflin L 71 11
. ® /i Minocin  mmmeme———
_f I' .: Clindamycins s o
20 / K3
] o No strains tested 220
/.~
1
10 sz
0
. <. 75 75 1.750 3.12 6.25 12.5 2.0  »25,0

Concentration mcq m)

103




odA; sbeyy Aiepueses

adAp abeyq Aswwpag

Hqow B3
¢ . - . - oe - e - - . - - - Sup®J3sS
060°1 Tl~gi [ 6e-Ce {{ ¢6-22 {{ g9-€Z | in9t~gZ{ |61~} ] L&-nz [[ Sn-9¢]| Lo-6L L {n-nti{ SL=vi {{ g6-¢€1 Fsausiieg
i€104
=N =t =1 [Ag A 31
Zi-y = £ A -t 9= 62
95 =t (=1 =1 il 5} H
9¢-Li =4 ‘ -1 =1 =1 bi-s =1 -2 $=5 =1 -2 L=HA
e oyt 1 Rol-gr§ Pui-st te ﬁ:..: ti~6 L1587 8B
or s K
i ™ X -w\N =T 5 - . o ) u T s ¢
Geived |H T 9=n gi-n tinn 145875 51344 Y SI9HP e ¢t-lHP VIR Y 8o | m.lm_l_u N
2k :um‘,._,lv usutwﬁ\,ozq ﬁuu Zuiaom ~ Bny hrr_:g c:gﬂu Kew h;l« : ™ ~ wer
sLpRIS _ _ adéhy
[RTTIRY I abeyg
ey YIdow
Tr9a78 SP53050 (FLduly 4T wOLARGLAIS L, A {41uow ha4nbiry

LT

CSlumi IR LB LTy BU] Wl SerA L dueud S

104




Proceeding from left to right is the phage type; in blocks - the number
of patients and strains during each month with a particular type, and last !
the total patients and strains for the year for each type. Listed at the bottom !
are the total patients and strains represented in each month's sampling. The
predominant phage type for each month is illustrated by a solid black frame,
the secondary type by a broken line frame, and other types by a single frame.

It is readily apparent that for the first nine months of the year, phage
type 84 was predominant and nontypable strains were secondary. But during
the last three months, there is a shift to phage type 84, 85 strains with the
type 84 and NT strains occupying second place. In fact, the substantial in-
crease in the number of patients with type 84,85 strongly suggests that type
84 may be in the process of being superseded as the predominant type.

DISCUSSION

The sequence of development of extreme antibiotic cross-resistance in
a monolype population of Staph aureus, and an abrupt shift to a highly sensi-
tive population, was not only unexpected but, in terms of available literature,
unprecedented. Cross-resistance of a high order has been reported as
occurring only in a sma'l proportion of isolates. The reversion to a level of
sensitivity greater than had been seen since these antibiotics were first used
is a development gratifying to the clinician but not explainable on the basis
of available knowledge. Although the antibiotic sensitivity level is far higher
than it was a year ago, staphylococcal sepsis still occurs, and the response
to antibiotics which are highly active in vitro has not been extremely effective.

PUBLICATIONS

None
PRESENTATIONS

Lindberg RB: Microbiology of Hospital Infections. Presented at Conference
on Cross-Infection Control in Health Care Facilities at the Univ. of Houston,
Houston, Texas on November 14, 1974,
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ABSTRACT
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FROM BURNED SOLDIERS TO SULFAMYLON

US Army Institute of Surgical Research, Brooke Army Medical Center, Fort
Sam Houston, Texas 78234

Period covered in this report: 1 July 1974 - 30 June 1975

Investigators:  Robert B. Lindberg, PhD
Virginia C. English, MA
Ruth L. Latta, BS
Basil A. Pruitt, Jr, MD, Colonel, MC

Reports Control Symbol MEDDH-288(R1)

Four hundred thirty-seven strains of Pseudomoniﬁ fgeruginosa from

burn patients were tested for sensitivity to Sulfamylon (mafenide acetate)
by a Minimum {nhibitory Concentrationn (MIC} technic. The strains were
markedly more sensitive than a similar collection in 1973, and that, in turn,
had extended from a period of relatively high resistance which occurred in 1972.
The median sensitivity, 0.111% in 1972, fell to 0.086% in 1974. Resistant strains
were concentrated in a new group of phage types, N7-3 and NT-16; there
were 59 strains requiring 0.625% for inhibition. Strains reactive with dilute
phages were all sensitive to mafenide acetate; strains lysing only with con-
centrated phage included the resistant types. Moderately resistant strains
have not constituted a therapeutic or prophylactic problem, but the increase
in Pseudomonas incidence accompanying use of topical silver-sulfadiazene
increases the likelihood of this event occurring. Monitoring of types and
sensitivities is the only available means for detecting such episodes.

Pseudomonas
Burns
Sulfamylon (R)
Topical therapy
Humans
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SENSITIVITY OF PSEUDOMONAS AERUGINOSA RE )VERED
FROM BURNED SOLDIERS TO SULFAMYLON

The h }ntoring of sensitivity of Pseudomonas aeruginosa strains to
Sulfamylon {mafenide acetate) has been continued during 1974, with the
added interest that was imparted by the introduction of silver-sulfadiazene
as a topical agent in burn management. Mafenire acetate was still used on
selected patients as the 1079 burn cream and 57 mafenide acetate soaks were
also used extensively, to expose the burn wound flora to an environment
containing considerable mafenide acetate. The use of sil ser sulfadiazene might
also be expected to alter the rate of emergence of strains resistant to mafenide
acutate or even to enhance the reappacrance of a more susceptible population of
psceudomonads, but knowledge of the influence of such environments on the
persistence of pscudomonads of heightened drug resistance is virtually non-~
existent. Hence this scrutiny of the major part ot the Pseudomonas population
is very much indicated, in order to obtain precise information on the role
of In vitro drug resistance on persistence, virulence and pathogemcnty of
invading strains of Ps. aeruginosa. Pscudomonas sepsis has, in 1974, re-
mained one of the major causes of death in 1ataily burned patlents and the
control of this burn pathogen remains an urgent facet of burn therapy.

The technics of assessing mafenide acetate sensitivity have been des-
cribed in previous reports (1), The procedure using dilutions of mafenide
acctate in agar, with seeding of 36 strains per plate; inhibitory end point is
the absence of visible growth at 18-20 hours,

Sensitivity of Pseudomonas aeruginosa to mafenide acetate

There were 437 strains of Ps aeruqmosa tested in 1974, a marked in-
creasa from the 285 strains assessed in 1973. The increase di rectly reflects the
rise in incidence of pseudomonads on patients in 1974. The rcsults of sensi-
tivity tests for these strains are set down in Table 1, with sensitivity cf
strains annually since 1970 shown for comparison. There were more strains
inhibited by 0.156% or less than had been the case in the 1973 collection. |t
was necessary to return to 1970 before finding a collection more sensitive than
that recorded in 1974. The change in sensitivity of Ps aeruginosa, on an
annual basis, is manifest in an uneven clustering of resistant strains. Such
resistance reached a high point in 1972, when 38% of all strains were inhibited
by 0.156% or less. 45% of the strains were clustered at 0.625%. Such a
disporportion has not again been seen.

Cumulative sensitivity constitutes a more coherent picture of the
inhibitory action of Ps aeruginosa. Table 2 presents this information for the

1. Lindberg RB,Calvert J, Brame RE, Dent R: Sensitivity of burn wound
flora to Sulfamylon. USA Surg Research Unit, Annual Rpt FY 1965, BAMC,
Fort Sam Houston, Texas, Section 15,
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Table 2. Cumulative Sensitivity to Sulfamylon
of Pseudomonas Aeruginosa 1967- 1974

Year No.of Concentration* and % of Strains Inhibited
Strains 1.25 0.625 0.312 0.156 0.078 0.039 0.019

1967 471 100 96.8 87.6 81.7 61.3 46.4 15.6
1968 294 100 100 95.1 60. 4 us.8 4.1 1.7
1969 385 100 100 96.5 50.0 26.9 7.7 0.5
1970 296 100 100 160 78.0 49.9 21.9 2.0
1971 280 100 100 82.9 68.3 48.3 27.9 4.7
1972 463 100 93.7 48.0 38.0 19.0 12.3 4.3
1973 285 100 98.1 81.3 57.0 33.5 16.1 3.2
1974 437 100 99.0 85.5 67.5 45.3 23.1 3.4

*  Concentration in grams of drug/100 mi ot medium.




period from 1967 through 1974. A more comprehensive picture of the mean
level of sensitivity and of the range of variation that may occur is achieved

by the longer observation period. At 0.625% sensitivity was complete or
virtually so, except in 1972 when the least sensitive series ever observed was
collected. The proportion of strains inhibited by 0.312% of mafenide acetate
represents an upper limit of sensitivity; until 1971, almost all strains were
inhibited at that level. In 1971, this proportion fell to 82.9%, and in 1972 ,when
mafenide acetate-resistant strains were at a maximum, only 48% of strains were
inhibited by 0.312%. Sensitivity has increased since that time, and in 1974,
85.5% of isolates were inhibited by 0.312%. The proportion inhibited at stili
lower concentrations has fluctuated more widely; at 0.156%, the per cent
inhibited dropped to a low 38% in 1972, then rose again to 67.5% in 1974.

These variations are visualized in a graphic summary shown in Figure
1. During 1970 and 1971 sensitivity levels were virtually identical through
the major part of the sensitivity range, i.e. between 0.039% and 0.312%. As
was indicated in the tabulation of sensitivity, the 1972 curve shifted farther
to the right, to the resistant range, than had any other annual collection of
strains. In 1973, sensitive strains reappeared in numbers which moved the
sensitivity curve back toward its typical range, and in 1974, the sensitivity
curve coincided with the 1970 and 1971 pattern. It is not feasible to incorporate
more years in this type of graph, but the 1969 curve fell very close to the 1973
curve; fluctuation of sensitivity from year to year seems to be the most rational
explanation for this sequence of events, rather than a steady increase in the
number of resistant strains.

A median level of sensitivity, or the value at which one-half are greater
than, and the other less than the calculated value, has been determined for
each annual group. These values are shown in Table 3. As was shown in
the cumulative sensitivity data, the 1974 strains continued a shift to greater
sensitivity to mafenide acetate after a period , two years ago, of markedly
reduced sensitivity. The drop in median sensitivity continued a trend recognized
in 1973,

Variation in sensitivity occurs in Ps aeruginosa in specific strains.
Correlation between virulence and specific type has been sought unsuccessfully
but the search has been continued, since establishing such correlation could
be of great value in more rational control of sepsis. It would permit strenuous
therapeutic effort in case of specific type colonization, but without correlation of
virulence and type, dlagnostlc demonstration of Ps aeruginosa still does not
warn of serious invasive potential associated with type identity. In type
identification, a large number of strains nontypable by standard phage typing
dilution technic have been effectively categorized using undiluted phage. A
group of these "NT" types, i.e., strains typable only with undiluted phage
in this system, have been tested for sensitivity. The sensitivity results are
shown in Table 4. The identity patterns are designated by the prefix NT, with
the number connoting a specific pattern.

Type NT-3 had a uniquely large nuniber of resistant strains that required
0.625% mafenide acetate inhibition. This was the largest group of patients with
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a specific strain, and the largest number of strains. Another strain, NT-16,
also had a simitar proportion of strains requiring 0.625% or 0.312% for inhibition.

In contrast, NT-4, NT-5 and NT-18 had the major part of the total of
33 paiients' strains inhibited by 0.156%. NT-17 was even more sensitive:
most of these strains were inhibited by 0.078%.

The overall pattern of sensitivity in these NT strains was that of a
population markedly different from the total Pseudomonas population in
sensitivity ., Cumulative sensitivity percentages show this contrast.

Concentration and % of Strains Inhibited

0.625 0.312 0.156 0.078 0.039 0.019
NT strains 99.2 78.1 53.5 26.7 10.1 0.7
All strains (1974) 99.0 85.5 67.5 45.3 23.1 3.4

Since the NT strains were 65% of all those tested, the difference in
sensitivity in the 0.039% to 0.312% range is significant. The discrepancy
would be far greater if all routinely typable strains were compared.

The sensitivity of typable strains (i.e., reactive at routine test dilutions)
was markedly higher than the NT strains. The behavior of 5 typable groups is
shown in Table 5. The median sensitivity was between 0.039% and 0.078%.
it is quite evident that the in vitro resistance was markedly greater in the
NT strains than with the typable strains.

The numerically predominant strains in 1974 were NT-strains, and
specific types of these were numerous and also relatively resistant to mafenide
acetate. The proportion of typable strains sensitive to mafenide acetate was
markedly higher than that of the nontypable strains.

The total population of Ps aeruginosa was more sensitive to mafenide
acetate than the NT-group of strains. This difference is explained by the
sensitivity of those strains typable at high dilution with phage; these more
sensitive strains in the total sensitivity value lowered the median inhibitory
level.

The nontypable strains observed in 1973 were more sensitive to mafenide
acetate than the 1974 strains. A strain-linked resistance to mafenide acetate
was demonstrable in the 1974 isolates; such a pattern had not previously
been discerned.

PUBLICATIONS AND/OR PRESENTATIONS

None

116

" "™

e




Table 5. Sulfamyloan' Sensitivity Reaction of
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Sepsis was the major cause of morbidity and death in burn patients in 1974,
as it has been for at least the last 5 years. The incidence of principal patho-
genic species resembled that of an epidemic, with high rates of explosive inci-
dence interspersed with periods of reduced incidence. Species which had
earlier been recognized as major contributors to wound infection and sepsis
included Staphylococcus aureus, Pseudomonas aeruginosa and Providencia
stuartii. However, species which had been relatively inocuous until last year
continued to infect patients to an unprecedented extent: these included Kleb-
siella pneumoniae and Escherichia coli. A new pathogenic species was Entero-
bacter cloacae; it had not previously played a large role in burn infections ,but
it appeared abruptly in early 1974 and was prominent among the burn wound flora
and in blood stream infections. Cross-resistance to most antibiotics was conspic-
uous among coliforms and pseudomonads; this attribute has increased in 1975.
The altered flora accompanied extensive use of silver-sulfadiazene. As with
any topical therapeutic agent, such alteration inevitably results in changes in
the bacterial flora of the burn wound.

Burns

Staph aureus
Enterobacter cloacae
Sepsis

Humans
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PATHOGENESIS OF BURN WOUND INFECTION:
BACTERIAL FLORA OF WOUNDS OF MILITARY PERSONNEL
RECEIVING TREATMENT WITH SULFAMYLON OR SILVER-SULFADIAZENE

The bizarre but lethal problem of a continued high leve! of wound infection
and sepsis occurring in patients who were treated with topical prophylactic
agents of proven value has continued during 1974. The armamentarium of
effective broad spectrum antibiotics has increased, but still wound infection
and pulmonary involvement are frequent, and proceed despite prophylactic
therapy. Control of infection in the severely burned patient remains an in-
completely solved probiem. Classical burn wound sepsis, essentially a pri-
mary invasive disease of the burn wound due to Pseudomonas aeruginosa, was
seldom seen during this reporting period, but extensive bacterial invasion and
proliferation in tissues of severely burned patients, occurring 3 or more weeks
postburn, has been a frequent occurrence. Protection of patients from this
lethal complication has prompted the extensive use of 5% Sulfamylon solution,
applied to the burn wound in the form of socaks (1). A further modification of
treatment regimens practiced in recent years has been the use of silver-sulfa-
diazene burn cream on burned patients. This medication was used on alternate
burns for the first half of 1974, and has since been used on most incoming
patients as the topical antibacterial agent (2). Since Sulfamylon burn cream
has been used on some patients, and 0.5% Sulfamylon soaks are used on many,
an environment in which bacterial flora exists in contact with both of these
agents now is present. The changes that have occurred in burn wound flora
may reflect this altered chemotherapeutic environment., This possibility is of
especial interest in the appearance of what is in essence a new burn pathogen,
Enterobacter cloacae. This organism had been recovered, in previous years,
from various sites on burned patients, but not to the extent that it emerged in
1974. Enterobacter cloacae presented virutally a new epidemic situation in burn
patients in 1974,

ANTEMORTEM BACTERIOLOGY IN BURN PATIENTS

Total cultures. A summary of the bacterial flora recovered in clinical
specimens from burn patients in 1974 is shown in Table 1. Candida sp are
also included in this resume. The number of specimens collected reflects
the severity of the problems in infection presented by the patient in relation to
sites of involvement. Blood cultures were the largest single source of samples;
this reflects the major preoccupation with sepsis that dominated the clinical
atmosphere of the burn wards. Sputum cultures provided the largest number
of isolates. Surface wound cultures and biopsies made up the major part of the
remaining samples. Total isolates of species furnish an overall indication of the
principal infectious agents present in the burn patients during the past year.

1. Erickson DR, Hunt JL, Pruitt BA, Jr: Five percent aqueous Sulfamylon
soaks used in topical treatment of burned soliers. USA Inst Surg Res Ann Res
Prog Rpt FY 1973, BAMC, Ft Sam Houston,Texas. Section 14.

2. Fox CL: Silver-sulfadiazene: A new topical therapy for Pseudomonas in
burns. Arch Surg 96: 184, 1968.
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1 Table 1 Antemortem Bacteriology of Burn Patients 1974 L
- R o —— e - +
3 SOURCE AND MUMBEK OF ISOLATES 3
23 . . — .
. o _ L R i
1’ ORGANI SM wound 8lood Lukens Urine tov. foley Biopsy Total i
1 Surface Sputum Cath Cath 1solates !
- . - - - e e —— ———— — U — - . - — ’
E Staph aureus 339 236 235 18 61 17 154 1060 :
3 epidermidis 31 B 40 19 10 16 8 135
3
] Alpha nemol-strep. 23 13 207 3 2 22 n 281 .
Beta hemol-strep. 1 4] 1 [} 0 ) 3 16 i
Gp. A strep. 10 0 5 0 i 0 0 16
': Non hemol-strep. 30 10 124 2! 8 19 36 248 X
Corynebacterium sp. |1 0 5 0 0 0 6 22 :
Bacillus sp. 0 2 8 3 3 [} 34 60
Pseudomonas sp. 185 56 428 46 22 28 55 820
Mima-Herellea gp. 7 0 20 2 2 0 1 32
‘3 . Aeromonas sp. 1 0 0 0 0 0 0 t
: K, pneunoniae 13 4 369 66 34 ] 36 733
Ent. aerogenes 15 3 38 3 0 2 8 69
cloacae 122 10% 9 70 50 43 V77 676
hafnia 0 0 t 0 0 0 [¢] 1
Serratia marcescens 18 16 49 4 8 3 7 105
E €. coli 97 27 166 54 23 47 5 w68
4 Citrobacter 5 o] | ] 0 | 0 7
; Prot. mirabilis 70 20 102 36 5 15 28 276
; moryanii 0 0 1 1 0 2 0 b
[ . Prov. stuartii 58 26 57 W3 56 Ly 92 376
Ne:sseria sp. 7 0 9 ] 4] [} 0 27 ;
f Candida sp. 60 6 26 60 24 19 61 2%6
3 ' No. of Patie ts
3 . cultured 143 173 98 129 176 130 135
| No. of specime s 729 besk 888 w3 550 187 585 :
3 Total isulates 5689 1
3 Total specimens
" . recived 8036
L
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Staphylococcus aurcus, Providencia stuartii, Pseudomonas aeruginos.:, Kieb-

siclla pneumoniae and [b(hcrldlld coli were, in that order, predominant gram
negative species recovered in years prior to 1974 and in 1973 they comprised
66. 2 of all bacterial isolates from clinical specimens. In 1974, they made up

60. 6., of all isolates, but a species previously of minor significance suddenly

became a (.'Unspicuuus part of the opportunistic invasive flora of the burn wound.

This was Enterobacter cloacae, isolates of which totalled 11. 8% of all strains
recovered. Changes in species distribution are shown in Table 2.

Table 2. Predominant Species Among lsolates
from Clinical Specimens, 1970-1974

Species . of All Isolates From Clinical Specimens
1970 1971 1972 1973 1974
Staph aurceus 12.6 15.0 13.8 19.6 18.6
Ps acruginusa 13.6 12.4 13.2 10.4 4.4
K pneumonia 11.5 9.7 11.5 10.1 12.8
E cotli 6.4 11.0 6.1 10.4 8.2
Prov stuartii 21.0 15.2 23.1 15.7 6.6
Enterobacter not 2.0 3.8 4.3 11.8
cloacae differentiated
woof all isolates 65.1 63.3 67.7 66.2 72.4
No. of isolates 3293 3179 6696 5672 5689

The incidence of Staph aureus rose in 1973 over that seen in previous years,
and it remained higher in 1974. E coli and Klebsiella pneumoniae each remained

in the relative incidence area that had been observed over the past 5 years.There

was an increase in Ps aeruginosa in 1974, although this species has fluctuated
in incidence in successive years. Providencia stuartii, which had been a pre-
dominant species over the past several years, dropped to an incidence lower

by far thanany seen in the past 5 years (3). lts pecak incidence in 1972 showed
it as the most frequently occurring species ever recorded in the Institute of
Surgical Research, but since 1973, it has now become the least common of the

6 most common species. Its role as an opportunistic invader remained important
out of proportion to its overall frequency of occurrence.

3. Lindberg RB, Mason AD, Jr, Pruitt BA, Jr: Providencia stuartii as a

major factor in burn wound infections. (Abstract). Am Soc. Microbiol. 1973: 130.
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The new species of numerical importance in the total burn flora was one
not previously implicated as a significant part of the burn flora. Enterobacter
cloacae had always been present in a smal!l part of burn wounds, sputum, and
urine, but in 1974 this sma!l role was suddenly greatly enlarged. It was the
fourth most commonly encountered organism in terms of total culture incidence.
Enterobacter cloacae was not merely a very common contaminant, but instead,
was frequently recovered from sites which indicated that it played a primary
role in the septic state.

The total of strains recovered does not, of course, of necessity indicate how
frequently patients were involved with a given species. There were 245 patients
out of 284 admissions on whom at least one culture was taken. The sites culiured
and the incidence of patients positive for a given site are summarized in Table
3. The largest group of patients on whom a given sample was examined were
those in whom i.v. catheter tips were cultured. Almost as large was the group
on whom blood cultures were taken. Surprisingly, the smallest category of
patients sampled were those on whom sputa were examined. The major species
in terms of patients harboring a given organism were Staph aureus, Enterobacter
cloacae, Prov _s_luartii, P_s aeruginosa and E cofi, in that order.

BACTERIOLOGY OF THE BURN WOUND

The contribution of burn wound infection to the development of sepsis in a
severely burned patient has never been clearly delineated. It is plausible to
assume that a heavily colonized wound offers the bacteria access to the blood
stream, but only in the case of Pseudomonas burn wound sepsis has this sequence
been established by study of experimental modeils. Control of invasive infec-
tion is the primary objective of topical antimicrobial therapy, but the exclusion
of organisms other than Pseudomonas has been difficult at best. During the
latter half of 1974, silver sulfadiazene was used as the primary topical agent on
burn surfaces. Sulfamylon burn cream was also in use, at a reduced level, and
the extensive use of 5% Sulfamylon soaks was a major component of antibacterial
surface treatment. The relative distribution of principal species on the burn
wound was based on culture results on 245 out of the 284 patients admitted in
1974. The remaining 39 patients had either no cultures taken at all, or had one
or two negative cultures taken at the time of admission to the burn ward. Seven
patients who had no cultures taken had very large, lethal burns, with an aver-
age area of 89.3% of body surface. Twenty-eight patients with smail burns had
an average burn area of 12.4%, and these patients exhibi‘ed an uneventful re-
covery that called for no bacteriologic procedures. Bacterial species recovered
from wound surface or biopsy, and the number of patients colonized are summar-
ized in Table 4.

Staph aureus was found on more patients than any other species. Even so,
more than one-fourth of patients cultured did not acquire this species. The pre-
dominan type was type 84, as it had been in 1973 (4). The strains were

4. Lindberg RB, Latta RL, Pruitt BA,Jr,Mason AD,Jr: Emergence of methi-
clilin-resistant Staphylococcus aureus type 84 in burn patients. USA Inst Surg
Res Ann Prog Rpt FY 1974, BAMC, Ft Sam Houston, Texas. Section 7.
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Table 3 Antemurtem Burn Patients C ultu ed, 1474

__ SOUKRCE AND NUMBER OF PATIENTS POSITIVE QN CULTURE _

ORGANISM

Staph aureus
epidermid:y

Alpha hemol~strep.
Beta hemol-strep.
Gp. A strep,

Non hemol-strep.

Corynebacterium sp.
Bacillus sp,

Pseudomonas sp.
Mima-Herellea gp.
Aeromonas sp.
K. pneumoniae
Ent. aerogenes
cloacae
hafnia
Serratia marcescens
E. coli
Citrobacter sp.
Prot. mirabilis
morgani;
Prov. stuartii

Neisseria sp,
Candida sp.

Total patients
Sampled

wound
Surface

@ o

EwobaE_L&

~
X O @

N
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143

Blood

£ O

173
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Urine

129

1.v.
Cath
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foley
Cath

16
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Table 4. Burn Wound Surface Flora in
245 Patients, ISR, 1974

Species No. of Strains  No.of Patients % of Cultured
Recovered Positive on Patients
Burn Surface Positive
Staph aureus 493 179 73.0
Staph epidermidis 49 40 16.3
Strep, non-hemolytic* 66 43 17.5
Klebsiella pneumoniae 149 63 25.7
Enterobacter cloacae 299 109 4. 4
E coli 151 76 31.0
Proteus mirabilis 98 LY 16.7
Providencia stuartii 263 102 41.6
Pseudomonas aeruginosa 240 87 35.5

* These strains primarily group D.

relatively sensitive tc the major categories of antibiotics including the methi-
cillin group of semi-synthetic penicillins. Nevertheless, prolonged septi-
cemia occurred in some patients with strains sensitive in vitro to penicillin

G. Seventy-three per cent of patients who were cultured harbored Staph
aureus on the burn wound. This was a smaller incidence than occurred in 1973.

Staph epidermidis was recovered from burn wounds of 16.3% of patients
cuitured. This is a drop from 20.4% of all burn patients in 1973. At one time,
it was postulated that this species was increasing in burn wounds, but this
trend has not continued. No instances of wound sepsis due to Staph epidermidis
have been uncovered.

Non-hemolytic Streptococci were recovered from wounds of 17.5% of patients
cultured. As with Staph epidermidis, it was for a time thought that a marked
rise in non~hemolytic streptococci was occurring in burn wounds. In 1973,
29.4% of burn wounds had harbored such streptococci. However, the drop in
incidence in 1974 suggests that this peak of non-hemolytic streptococci may
now be waning. These strains were, on the basis of cultural characteristics,
all Lancefield group D.

Klebsiella pneumoniae was numerically less frequent in 1974 than in the
preceding year; one-fourth of the burn wounds harbored the organism in
contrast to one-third in 1973. It was still a major part of the wound flora,but
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was overshadowed by the rapid rise in incidence of Enterobacter cloacae.

Continued observation on group A streptococci has been maintained, since
this potentially dangerous burn wound invader can best be controlled with the
penicillin group of antibiotics if its presence is detected promptly. The organism
has varied between being rare in some years to relatively numerous in others
After several years in which the species was a rarity, an upsurge of positive
cultures occurred in 1972, followed in 1973 by its virtual disappearance (Table
5). In 1974, 30 strains of Streptococcus pyogenes Lancefield A were recovered
primarily from wound surfaces and pulmonary secretions. No overt infection
probiems were seen, although wound infections at the time of autografting are
a particularly hazardous potential. Fluctuations such as those seen in the past
3 years make monitoring of this pathogen of great importance.

Table 5. Incidence of Group A Streptococci on
Burn Wounds

Year No. of Strains of Group A
Streptococci Recoverd
1969 8
1970 2
1971 1
1972 56
1973 3
1974 30

RESPIRATORY TRACT BACTERIAL FLORA IN BURNS

Pulmonary complications are a major problem in treating burn patients,
even in the absence of inhalation injury. No specific etiologic agent has
emerged as the primary cause of such pneumonia, and as in other infecied
sites, the burn patient's lung is most often invaded by the same group of
organisms that invade the wound in opportunistic fashion. The number of
sputum samples cultured , 888 for 1974,is the highest annual total for the
Institute of Surgical Research. This need not reflect an increased incidence of
repiratory tract problems, but it does reflect the extent of concern and interest
in this problem. Ninety-eight patients had sputum cultures, for a ratio of over
9 samples per patient. In the previous year, 1973, 130 patients had contributed
846 cultures for an average of 5.5 samples per patient; the intensity of scrutiny
had almost doubled. This trend of increased concern with pulmonary microbial
flora has been apparent since 1972.

Results of sputum cultures for major species recovered are summarized in
Table 6. The proportion of patients from whom principal pathogens were
recovered is shown for the past 4 years; the proportion of cultures positive for
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a given species may be indicative of its importance in pathogenesis of puimon-
ary disease in burned patients.

Table 6. Principal Species of Bacteria Recovered
from Respiratory Tract of Burned Patients, 1971-1974

Species % of Patients Exhibiting Positive Sputum on Culture
1971 1972 1973 1974
Staph aureus 43.0 38.5 56.9 59.2
Klebsiella pneumoniae 45.0 58.8 60.0 68.4
Enterobacter cloacae 11.0 27.0 23.8 35.7
E coli 27.2 40.9 53.8 33.7
Proteus mirabilis - 19.0 10.8 21.4
Providencia stuartii 33.0 56.5 40.8 59.2
Ps aeruginosa 39.0 38.5 36.2 63.3
Patients cultured 94 122 130 98

Staph aureus increased in incidence significantly in 1973 and the proportion
of positive cultures rose to almost 60% of patients in 1974. Staphylococci have
continued to represent a major cause of pneumonia.

Klebsiella pneumoniae has steadily increased in incidence in sputum cultures,
and was the predominant organism in sputum. Whether this incidence connotes
an actual pathogenic role is not clear; using the criterion of predomoinant or-
ganism in ltung tissue at autopsy, there were 13 out of 57 autopsies in which the
predominant organism was Klebsielta; in 14 it was Ps aeruginosa and in 19,
Providencia stuartii. Thus, although more patients—ﬁarbored Klebseilla
pneumoniae in sputum than any other bacterial species, the postmortem data
suggest it was not the principal offender in clinical pneumonia.

Pseudomonas aeruginosa had remained relatively constant in its incidence
in sputum cultures for the past 3 years, but in 1974 a sharp rise in its incidence
from 36.2% to 63.3% of patients with positive sputum occurred. The rise in
Pseudomonas incidence has been one of the unusual features of the bacteriologic
changes which may be associated with a changed treatment regimen during
1974,

Enterobacter cloacae, which on an overall basis constituted a major micro-

biologic feature of the burn ward flora in 1974, increased its incidence in sputum
from 23.8% to 35.7% of the patients cultured. This is a significant but not dramatic
rise in incidence, and in view of the fact that only lung samples from 57

autopsies showed E cloacae as a predominant organism, it is probable that this
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species was not a major pathogen in pneumonia in burn patients. E coli, present
as the predominant organism in 7 out of 57 autopsies, was actually numeri-
cally as significant as E cloacae by this criterion. Despite the marked rise in
incidence of E cloacae as part of the burn flora, it showed no significant pre-
dilection for the lung.

SEPTICEMIA AND BACTEREMIA IN BURN PATIENTS

Sepsis, with its concommitant blood stream invasion, remains the prin-
cipal cause of death in severe burns. The microbial flora of blood cultures
offers the most definitive information on the actual cause of death in large
burn injuries, although there remains the essential problem of ultimate cause:
the positive blood culture connotes a grave threat to survival, but most such
positives are a terminal event rather than initial cause of the problem.

In 1974, 173 patients were sampled at least once by blood culture. Ninety-
five patients, or 54.9%, had at least one positive blood culture. The rate of
positive blood cultures in relation to the total of patients sampled has been re-
markably consistent. In 1972, 47% of those cultured were positive, in 1973,
54.0%, and in 1974, 54.9%. This rate of bacteremia is at a level notably higher
than prevailed previous to 1972. The rate of positives was 30% in 1971. There
were 2327 sets of 2-bottle blood culture samples collected in 1974; this repre-
sented 13.4 cultures per patient sampled. This is the largest sampling that
has been recorded in this Institute.

Blood cultures from 173 patients (of whom 95 had bacteria recovered) are
summarized in Table 7, The species of major numerical importance are under-
lined. These ranged from 25 to 40 patients, and included Staph aureus, Ps
aeruginosa, Kleb pneumoniae, Entero cloacae, and Prov stuartii. A group of
significant but less common species included alpha hemolytic streptococci,
Staph epidermidis, E coli, Prot mirabilis and Serratia marcessens. These
were recovered from 8 to 10 patients each. Survival rates associated with the
predominant species were far from encouraging; the recovery of Staph aureus
connoted a survival rate of only 42.5%.Gram negative baciili in blood cultures
reflected mortality rates of 87.5% to 100% for Entero cioacae.

A more informative insight into the pathologic implications of a positive
blood culture was obtained by scrutinizing the outcome of patients who had
only one species recovered. Of course, such injuries were less extensive:
40 patients out of 95 with positive blood cultures yielded only one species on
culture. The situation with reference to the group of patients is summarized
in Table 8. The largest number of patients in this group harbored Staph aureus
followed by those with Staph epidermidis and Entero cloacae. Mortality rate in
patients with Staph aureus was 28.5%. Staph epidermidis alone was associated
with no deaths, and Entero cloacae alone appeared in only one fatal burn. Kleb-
siella pneumoniae and Prov stuartii, each recovered as sole species from 4
patients, were associated with 50% mortality; the smallest incidence of species,
S marcessens, Ps aerugmosa and E coli were each in the 100% mortality category.
The average burn size in this group of 40 patients was 49.5%. The mortality
figures for these single strain infections are in general markedly lower than
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Table 8. Bacteremia with Only One Species of
Bacteria Recovered: Burn Patients, 1974

Species No.Patients with Ave.No.of Deaths % Mortality for
One Species Positive One Species
Recovered Blood Cultures Bacteremia

Per Patient

Staph aureus 14 4.6 4 28.5
Staph epidermidis 7 1.0 0 0

Kieb.pneumoniae 4 3.0 2 50.0
Entero cloacae 5 1.2 1 20.0
E coli 1 4.0 1 100.0
S marcessens 3 2.0 3 100.0
Prov stuartii L 1.2 2 50.0
Ps aeruginosa 2 2.0 2 100.0
Total 40 . 2.5 15 37.5

when 2 or more organi mis have invaded the patient.

Blood cultures in 55 patients, or 57.8% of all patients with positive
blood cultures, yielded more than one bacterial species in successive blood
cultures, or in some instances, in a single blood culture. The mixed cul-
ture results are shown in Table 9. The combinations were very hetero-
geneous; the most frequent combination, Entero cloacae and Kleb pneumoniae,
was found in only 4 patients, while at the extreme end of the spectrum,
there were 8 patients who exhibited 6 different species in blood cultures
altogether. Multiple blood stream invasion is a disturbing phenomenon,
since it suggests the complete breakdown of defense measures which keep
bacteria out of the blood stream of viable patients. The tabulation assigns
priority to four major pathogens: Staph aureus, Prov stuartii, Entero cloacae,
and Kleb pneumoniae, and other combinations are listed under these key
organisms. Staph aureus was a prominent part of the flora of almost half
of this group of patients, but no numerically significant pairing with
another species could be discerned. Prov stuartii and Ps aeruginosa were
encountered almost as often as staphylococci. However, Entero cloacae was
the most frequently encountered species.

BIOPSY OF BURN WOUNDS

The use of biopsies as a guide in treatment of burn wound, and as a
technic for assessing effectiveness of therapy, has become well established
as a useful procedure. The species of microorganism recovered from burn
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wound biopsies offers a distinctive and essential parameter in understanding the
role of infection in the burn wound, ond is a reflection of the effect of topical
therapy on bacterial colonization and invasion of the burn wound. The relation
of invading bacterial species to mortality may be disclosed by summarizing

the data on burn biopsies.

Table 10 shows the species recovered from biopsies of burn wounds of 135
patients in 1974, This is the largest number of patients that have been biopsicd
it asingle year. Species of numerical importance were, in descending order,
Staph aureus, Entero cloacae, Prov stuartii, Ps aeruginosa and E coli. The
mortality rate associated with the predominant species of microogranisms was
not proportionate to their frequency. Prov stuartii and Ps aeruginosa had the
highest associated mortality rate, and Staph aureus the lowest. Kleb pneumoniae
was not high in recovery rate, but patients harboring it had a very high
mortality rate.

Comparison of annual incidence rates for biopsy flora and associated
mortality rates is shown in Table 11. There is a suggestion that Staph aureus=
has become more dangerous as an invading organism, despite its relatively
constant incidence. Kleb pneumoniae has never been frequent in biopsies, but
deaths due to Klebsiella sepsis are disproportionately frequent. In terms of
incidence in biopsied tissues, there was little change on an annual basis ex-
cept for the striking increase in incidence of Entero cloacae. This species was
so infrequent in biopsies that it was not tabulated prior to 1973. But when the
mortality trend is viewed, there was an obvious very large up-turn in 1973
for all the major species recovered.

PROVIDENCIA STUARTII AND ENTEROBACTER CLOACAE IN BURN PATIENTS

Burn infection due to Prov stuartii was first described in patients in this
institute as a major new infectious process caused by a relatively uncommon
enteric bacillus of usually minor interest as an opportunistic pathogen. It
assumed a major role as the predominant organism in burn wounds, pulmonary
infections and in septicemia. The extent to which Prov stuartii involved
patients Aduring 1974 is summarized in Table 12. The organism was a major
part of tt.  burn wound flora, sputum flora, and in biopsies. Septicemia due
to Providencia was a major part of blood stream invasion, and the high per-
centage cf wound tissue and lung samples positive at autopsy suggests that
Providenica is especially prone to proliferate in the terminal stage of a burn
patient's course.

Comparison of the proportion of patients who harbored the organism on
burn wound, biopsy, in blood or in sputum is shown in Table 13. The inci-
dence has fluctuated but it remained high enough so that the species remains
ad major concern as a burn wound pathogen. The organism is transmitted by
contact in the burn ward; its eradication shows no promise of being achieved.

Enterobacter cloacae has emerged as a significant wound pathogen since
1973. Prior to that time, it had not occurred in a frequency that prompted its
detailed scrutiny. The rate of occurrence in 1974 is summarized in Table 14.
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Table 13. Per Cent of Patients Cultured
Who Harbored Providencia stuartii

Year Site of Culture and % Positive
Wound Biopsy Blood Sputum

1969 46 51 32.9 S4.4
1970 43.7 45.6 14.0 67.7
1971 34.0 40.0 36.5 33.0
1972 49.5 55.4 23.9 56.6
1973 34.0 36.8 20.6 40.8
1974 40.6 32.6 15.0 40.8
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Cancntorce o burn wounds, and especially in biopsies indicates that these
oo were colonizing the burn poatient very heavily and that tissue penctra-
mowas even more marked. The incidence in blood cultures was relatively
coob, as was the case with sputum. Interestingly, at autopsy the tung was less
wensively involved than would have been thought from the sputum culture
Y The presence of Entero cloacae in liver tissues indicates thau tate appear-

—cnuestered in liver macrophages, survive to appear in postmortem cultures.
i.V. CATHETER TIP CULTURES

Surveillance of indwelling i.v. catheters by culturing the tip when itis
removed from the vein furnishes essential data on such catheters as a factor in
the etiology of intravascular infections. There is, however, no assurance that
a positive catheter tip culture means that concurrent or subsequent segticemia
is the result of i.v. catheter transmission; indced, the tip may well become
seeded in the presence of a bacterial infection arising elsewhere. In any event,
the i.v. catheter tip site merits detailed study, since it is a source of a poten-
tially severe complication of burns.

Table 15 presents resulits of culturing 550 catheter tips from 178 burn
patients . Qut of the 178 patients, 100, or 56.1%, had bacteria recovered from
at least one i.v. tip culture. The numerically important species, in descending
order of frequency, were Staph aureus, Entero cloacae and Prov stuartii. This
is in contrast to the incidence of opportunistic pathogens in wounds ot septi-
cemia; the relatively low incidence of Ps aeruginosa and Kleb pneumoniae was
in contrast to the occurrence of these species in wounds or in septicemia.

DISCUSSION

The etiology of bacterial sepsis in burn patients is heterogencous. The
principal species colonizing burn wounds and lung, and recovered from blood
cultures, include the species which have been important in previous annual
summaries: Staph aurcus and Ps aeruginosa. Prov stuartii was still a major
opportunistic invader, but was distinctly less prominent than it had been during
the previous 3 years. Entero cloacae, previously relatively uncommon, suddenly
becmae a major infecting agent, and was a prominent part of the bacterial
flora in septicemia and in burn wound biopsies. Limited epidemics due to S
marcessens occurred, but between outbreaks, this potentially serious pathogen

virtually disappeared.

Antibiotic resistance in Enterobacteriaceae was prevalent; this problem is
discusscd in more detail in another section of this report. The appearance of
resistant strains is consistent with the presence of resistance transfer factors:
afthough these have not yet been sought, their presence is virtually assured
s refliected in the patterns of emerging resistance that have occurred. Flimina
tion of colonization in burn patients under less than optimal isolation conditions
i> an unrealistic goal. The incidence of individual opportunistic invading species
points out to the arcas where major emphasis on control should be apphed.,

The numerical incidence of some opportunistic invading species sugaest that
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. Table 15. Bacterial Flora of |.V. Catheter Tips
. from 178 Burn Patients, 1974
Species No . Patients % of All Patient % of Patients with
Positive Positive Positive Culture .
E Staph aureus 46 16.1 46
Staph epidermidis 8 4.5
3 Non hemolytic strep 13 8.0 13
Bacillus sp 3 1.7
Pseudomonas sp 18 10.2 18
9 Mima-Herellea gp 2 1.1
Klebsiella pneumoniae 23 13 23
¢ Entero cloacae 36 20.4 36
; Serratia marcessens 5 2.8
E. coli 17 9.7 17
] Prot. mirabilis 5 2.8
3 Prov.stuartii 29 16.5 29
! Candida sp 13 7.4 13
No. catheter tips cultured 550

Average catheter Uips per patient: 3.1

BT TN

No. of patients with positive cultures: 100
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they may be playing a larger role in burn wound pathogenesis than had been
assumed.
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Use of a mixed system of both 1000 Routine Test Dilution (RTD) and
undiluted phages has made possible a typing of 94% of a collection of 1085
strains of Pseudomonas aeruginosa. Undiluted lytic patterns made up 8 of the
prominent types; 4 more were typable at 1000 RTD. The most common type,
found in 33% of all patients with Pseudomonas, was NT-3. 1t replaced NT-5,
still present but not predominant as it was in 1973. NT-3 had not been observed
in 1972 or 1973. The 1973 A-71 epidemic disappeared completely in 1974.
Septicemic strains varied from the overall strain frequency, so that NT-4
involved the blood stream proportionately more often than in all sources com-
bined, but essentially no septicemic type could be discerned. Since it was
extremely infrequent in lung, NT-4 septicemia appeared most plausibly to
arise from infected burn wounds. Epidemic episodes of NT-4, NT-5, NT-3,
and NT-16 extended over all of 1974, The duration of a given epidemic was
6 to 8 months. The control of this complex Pseudomonas population with
topical antibacterial agents is effective only at the individual host level.

Pseudomonas

Phage typing

Burn wounds

Topical chemotherapy
Humans
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BACTERIOPHAGE TYPES OF PSEUDOMONAS AERUGINOSA
FOUND IN BURNED SOLDIERS

The differentiation of infecting strains of bacterial species involved in
epidemic infectious disease in a hospital population is an es-«ential part of
understanding the epidemiology of the disease. Burn wound infections are
heterogeneous as to causative species, but the principal opportunistic invader
in causing burn wound sepsis is Pseudomonas aeruginosa. Despite the ex-
tensive and diverse efforts made to eradicate this opportunistic pathogen
from burn wards, it continually reappears, and it has been studied intensively
in this Institute for the past 15 years. Phage typing has been selected as the
differentiating method of choice(1,2) and a set of phages derived in this
Laboratory have remained the mainstay of a strain-differentiating system.

METHOD

In two previous years, various experiments aimed at characterizing the
increasing number of strains untypable with the standard 18-phage typing
set were described (3,4). After extensive study, new typing phages, which
would lyse strains at the Routine Test Dilution (RTD), and which were con-
sidered as replacements for original phages, were set aside, and a technic
using undiluted phage fluids to type strains not lysed by the RTD was employed.
Thus, the original typing designated with the addition of a prefix "NT" could
be used. This precept was defined as a strain capable of being lysed with
undiluted phage but not lysed by RTD.

Further elucidation of the nature of the NT series of typing reactions is
needed. The technic works, and it is probable that it reflects the behavior

of a pyocin component in the phage preparation, but final elucidation of this
question awaits further study.

1. Lindberg RB, Latta RL, Brame RE, Moncrief JA: Definitive bacteriophage
typing system for Pseudomonas aeruginosa. Bact Proc 1964, p. 81.

2. Lindberg RB, Latta RL, Pruitt BA, Jr: Stability of bacteriophage strains
as epidemiologic markers for Pseudomonas aeruginosa. Bact Proc 1970, p.79.

3. Latta RL, Lindberg RB, Pruitt BA, Jr, Mason AD, Jr: Bacteriophage types
of Pseudomonas aeruginosa in burned soldiers. US Army Institute Surg Res
Ann Rpt FY 1973, BAMC, Fort Sam Houston, TX. Section 12.

4. Latta RL, Lindberg RB, Pruitt BA, Jr, Mason AD, Jr: Bacteriophage
types of Pseudomonas aeruginosa found in burned soldiers. US Army Institute
Surg Res Ann Rpt FY 1974, BAMC, Fort Sam Houston, TX. Section 11.
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Phage typing of Pseudomonas aeruginosa from Burn Ward Patients, 1974

There was a marked rise in the number of strains of Ps aeruginosa
recovered in 1974. The principal ecologic change that was suspected in this
period was the intr(‘&c}uction of silver-sulfadiazene burn cream in topical treat-
ment. Sulfamylon was still used but a large group of patients did not
receive it.

There were 1085 strains of Ps aeruginosa collected for typing from clinical
specimens on 116 patients. Sources were diverse and included blood, sputum,
biopsy tissue, urine, catheter tips, stool and post mortem tissues. Predominant
phage types found are summarized in Table 1.

The Phage Type Code is listed to indicate the total phage type pattern
shown in the "Phage type" column. As defined above, NT indicates strains
not typable by RTD, but which will react with undiluted phage to give a usable,
reproducible type reaction. Eight of the 12 type codes were NT reactions. The
percentage of all Pseudomonas-~positive patients, harboring a given type, and
the percentage of all strains that were of that type are shown in the right hand
columns. Any types found in fewer than 5 patients are not shown; otherwise
the table becomes unwieldly with small numbers of types of little epidemiologic
significance. The relative proportion of the total isolates tabulated is reflected
in the fact that 74.3% of all isolates are accounted for on Table 1. The remaining
25.7 are distributed over a large number of types, many of which are unique.

NT-3 was the most frequently seen type; 32.8% of all Pseudomonas-
positive patients harbored it and it made up one-fourth of all strains isolated.
It is of particular interest that NT-3 was not seen even once in 1973 or 1972.
Not previously had a new epidemic strain pervaded the ward population so
completely and so consistently.

Type NT-16 was the next most prevalent type, with 18. 1% of patients and
10.1% of all strains in this cateyory. This, 00, wa. a new, previously unre-
ported type.

The third most frequently encountered type was NT-5; 14.7% of the
patients harbored 8. 1% of all strains recovered. This type had been found in
1973 as the predominant type for that year.

Type NT-4 was the fourth most common strain occurring in 12,15 of
the patients and even more strains - 8.7% - than had NT-5. NT-4 was more
common in 1973; then it was almost as common as NT-5.

Another previously unknown type, NT-17, was fifth in frequency in
1974. 8.2% of all strains were harbored on §.6% of all patients concerned.

Type D-98, representing strains of pattern 21,31, 119X, was the sixth
most common pattern. It had not been seen in at least the preceding 4 years.

Next most common were types NT-22 and NT-21. Each of these was
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Table 1. Predominant Phage Types of 1,085 Pseudomonas Strains
from 116 ISP Aurn Ward Patients, 197hL
Phage Per Cent
Type Phage Type Each Phage Type
Code Patients 1 Strains
Non-typeable
NT-3 T a(21),(28), (), 1214, (68),109,352,(F7) ¢8| 2-B 24.3
Non-typeable
NT-16 (211 68.0F7) 18.1 10.1
Non-typesble
NT-§ *(21),24 44,121k, (68),119%, (F7) .7 8.1
Non-typeable
NT-h «(21),24,31 1k, 1214, (68) 12.1 8.7
Non-typeable
NT-17 *21,1214,68 8.6 8.2
098 21,31,019% 6.9 L.
_ Nen-typeable
NT-22 #(21),(1214),(F7),(F8) 35
6.0
Non-typeable
NT-2) *(21),1214,68,(109),F8 2.3
"2 119% \
 —————
Non-typeable
NT-18 «24 bk, 1214 5.2 2.2
DL 21,68 6.6
c26 16,L4,121L,68 b3 2.2

* Phage Type using undiluted phage
{ ) varfable reaction
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found on 6% of the patients who harbored Pseudomonas. Neither of these type
patterns had been seen previously.

Next in frequency, with strains recovered from 5.2% of patients in each
case, were types M-2, NT-18 and D-41. The number of isolates was small
3 in each case; they made up from 2.3% to 0.6% of the isolates in 1974. Of these,
Al phage type M-2, (119X) is not new to the burn ward. It has been observed in
previous years, and was as common in 1973 as in 1974. Phage type D-41 has
been a very common "burn type", and in some years was overwhelmingly pre-
dominant. In recent years it has never been numerically conspicuous.

% The final type included, as involving at least 5 patients, was C-26. This
L | pattern has been seen in previous years but it has never been high in incidence.

_3 The standard typing technic, working with RTD dilutions of at least

10 7, was ineffective with 75% of the strains examined. Although this level

: was dismayingly high, the utility of the procedure, as far as differentiating
= strains was concerned, remained unchanged. When strains from other

‘ laboratories were submitted for typing, the proportion which reacted at RTD
was very high, as it was when this sytem was first developed in this Laboratory.
The indication is that the continued interchange of genetic material in the
Institute of Surgical Research burn ward microbial population is generating
a high level of strains which are not lysed by the phages in this collection.
This tolerance is evidently local, since even Pseudomonas strains from
Brooke General Hospital are typable by RTD concentrations of phage. The
implication of locally concentrated strains resistant to antibiotics, and sorted
by fortuitous contact as is evidently the case with phage susceptibility, is
disturbing. No method of ridding a population completely of resident strains
of an opportunistic pathogen is known.

Phage Types of Pseudomonas From the Blood Stream of ISR Burn Patients,
1974

- The extremiy high mortality of patients from whose blood stream Ps

7 aeruginosa has been recovered makes the identification of such strains particu-
. larly important. If such strains represent a preponderance of particular types,
} A not consistent with the overall incidence of Pseudomonas in the burn ward,

1 then the existence of septicemic types might be established, and coincentration
on control of such lethal types would be merited.

There were 32 patients in whom Pseudomonas was recovered from the
blood in 1974. Thirty of these, or 93.7%, died. Sixty-six strains from thcse
32 patients were studied. The incidence of types in the blood stream was not
dissimilar to the pattern recovered from all sources. The comparison of these
frequencies is shown in Table 2.

It will be scen that the most common type, NT-3, was firstin incidence
in blood and in overall incidence. Type NT-4, second in incidence in blood,
was fourth in inc. .cnce in all cultures . The incidence of all remaining blood
stream types was not markedly different from that of the total Pscudmonax
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% Table 2. Frequency of Occurrence of Pseudomonas Phage
| Types in Blood Culitures Compared to All Isolates
ISR - 1974

Frequency of Occurrence
Type Blood All Sources
# Patients Strains Incidence Patients Strains Incidence

NT-3 9 19 1 38 355 1

' NT-4 5 5 2 4 131 4
NT-17 4 7 3 10 93 5

J NT-5 3 7 4 17 159 3
| NT-16 3 5 5 21 196 2
3 NT-18 2 3 6 6 56 10
3 NT-22 2 3 7 7 65 7
4 M-2 2 2 8 6 56 9

: population. Although differences occurred, they were not of a magnitude to
a8 suggest that a particular type was more commonly encountered in blood
cuiture than would be expected on the basis of overall incidence.

There were 15 strains recovered from blood cultures representing 10
different types that were found each in only one or two patients.

The chronology of occurrence of Pseudomonas types shows those
episodes in which an epidemic sequence may have taken place. This total
incidence rate is shown in Figure 1.

! The sequence of occurrence of bacteremia due to Pseudomonas makes
f it apparent that a given strain was involved in several outbreaks. Type NT-5
: occurred in January, M-2 in March, each with two patients. NT-4 caused
; ‘ : 4 episodes in May and June. The major epidemic episode was that caused
by NT-3, in 9 patients from July through October. In September and October,
: NT-17 involved 3 patients, as did NT-16 in October-December. A 2-patient
£ | episode due to NT-18 occurred in November.

[t was evident that no single phage type showed an invasive capacity
out of proportion to its incidence, as would be evinced, by its disproportion-
ate occurrence in bacteremia. What was equally clear was the succession of
invasive episodes reflecting the dominance of a given type during a given
period. There were 7 types which caused outbreaks, in from 2 to 7 patients,
cach during a circumscribed period. [n addition, at least 9 other types
caused bacteremia in patients either singly or at intervals too widely separated
to constitute a sequence of infection in a single episode. This progression
paralleled the changes in predominant types during a given period.
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Pseudomonas Phage Types Recovered From Lung Tissue at Post-Mortem,
ISR - 1974

The bacteria recovered from lung tissue at autopsy furnish a definitive
representation of the bacterial etiology of pneumonia complicating a severe burn.
This problem of pneumonia has become a major part of the situation prevailing
in the severely burned patient. The phage types of strains recoverzd from
lung at autopsy are summarized in Table 3. It is apparent that the predomi-
nant type, NT-3, was also the predominant type in the overall type distribu-
tion. As with strains recovered in septicemia, the distribution roughly
paralleled the overall incidence of phage types in 1974. NT-3 was again the
most common type in autopsy lung samples. NT-5, second in incidence in
lung, was third in overall distribution while the third type in frequency in
tung tissue was fifth in overall distribution. The greatest discrepancy was
with NT-4, seventh in frequency in lung samples but fourth in overall
distribution. It is not plausible to expect exact correspondence in the lung
samples; the discrepancies are not great enough to suggest a type with pre-
detection for causing pneumonia. Instead, many types, if present, were
obviously able to achieve this result.

Table 3. Phage Types of Pseudomonas aeruginosa
from Lung Tissue of Burn Patients at Autopsy

Phage Type No. Patients Positive No. Strains
NT-3 " 27
NT-5 6 17
NT-17 6 18
NT-16 5 9
D-98 3 6
NT-22 3 5
NT-4 2 3
NT-18 2 3

The events summarized by patient for lung involvement by Pseudomonas
during 1974 are shown in Figure 2. There were 6 types which showed the
pattern of an epidemic outbreak for the burn population. NT-5 was the cause
of 2 episodes in January, and appeared in 4 more patients in May and June.
NT-3 caused pneumonia in 10 patients from July to October. NT-16, at more
widely spaced intervals appeared in the same months, and NT-17 involved
5 patients in September and October. Remaining types were not involved in
enough cases, spaced closely enough, to merit the designation of outbreak,
with the possible exception of NT~22 in August and September .

Chronologic Sequence of Pseudomonas Phage Types, 1974

There is an apparent discrepancy between the designation of Pseudomonas
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"epidemics” in the burn ward and the relatively small number of potients
involved on an annual basis. Thus, NT 3 strains, the predominant type in
1974, were found in only 32% of the patients and madce up only 24 of all
isolates. Therc is, in fact, no single epidemic type but instead continually
changing "epidemic" types. Thus, the number of patients harboring an
epidenmic type remains small in proportion to the large number of patients all
positive for Pseudomonas. The 12 predominant types of Pseudomonas observed
in 1974 were not found continuously during the year. One particular phage
type appears, is seen perhaps for months, then disappears, never to be scen
again. A few types appear sporadically over a long period of time. No
explanation has yet been found for this unending succession of phage types.

Figure 3 illustrates the progression of predominant phage types as they
occurred throughout the year. On the left is listed the Phage Type Code; then
in blocks, the number of patients -number of strains of cach phage type during
each month of the year. On the far right is listed the yearly total of patient -
strains for cach particular phage type. At the bottom are the total patients and
strains for each nwonth. A solid dark frame in each rronth indicates the most
prevalent phage type during that month and a partially dark frame, the secon-
dary type. A double frame indicates the third most common type during that
month. Types M-2, C-26 and D-41 werce distributed throughout the year, and
only M-2 had a month in which it was predominant. Type NT-4 was very
numerous from January through July; then it virtually disappeared. NT-5
was sinilarly prominent for only five months; it then dwindled to a minimum
teve! and after Aucust was not seen again. With phage type NT-22, "new" types
as they appearcd and disappeared between May and October are shown This
type was the sccond most common type in August and September . NT 4 and
NT-5 were carry-overs from 1973, when they were first found in April and
May and persisled at a high incidence for the remainder of 1973, and into 1974,
when they disappeared in August.

NT-3 was found on one patient in June and then explosively became the
predominant type for 4 months . It was very much present in November and
December. NT-16, starting with its appearance in July, became more numcerous
throughout 1974, and was the predominant type in December. NT-17 strams
parallcled this distribution but were less numerous most of the time.

D-98, formerly a not uncommon pattern, appeared in smaill numbers
from August to December. 1t was, in October, the third most common type.
Types NT-18 and NT-21 appeared from September onward. Only one, NT 138,
was  predominant strain in the month of November .

The complexity of a chronologic month-by-month summation of strain
Jintribution of Pseudomonas is shown in this resume. Two major types . NT 4
md NT- 5, had been tor 16 months major types in causing Pseadomonas infec
fien. They then disappeared totally, while two new epidemic types NT- 3
ant T 10 played a major role in the Pseadomonas infection pattern tor the
remaimder of 1974,
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ABSTRACT
PROJECT NO. 3A161102B71R-01, RESEARCH IN BIOMEDICAL SCIENCES

REPORT TITLE: BACTERIOPHAGE TYPES OF SERRATIA MARCESSENS FROM
BURN WOUNDS OF MILITARY PERSONNEL

US Army Institute of Surgical Research, Brooke Army Medical Center, Fort
Sam Houston, Texas 78234
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Investigators: Robert B. Lindberg, PhD
Virginia C. English, MA
Basil A. Pruitt, Jr, MD, Colonel, MC
Arthur D. Mason, Jr, MD
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An effective seven phage typing set has been used to differentiate over
850 strains of Serratia marcessens since 1967. During this time, numerous
small epidemic episodes of a single strain were distinguishable, but in only
two out of seven years did major outhreaks of a single type occur. The
epidemiologic pattern of strain colonization, persistance and disappearance
in a burn ward could be delineated precisely with this system, and epidemic
outbreaks can be recognized. The importance of distinguishing the presence
of epidemics of this potentially lethal opportunistic species are obvious and

the value of phage typing with the Institute of Surgical Research set of phages
has been shown.

Burns
Serratia
Bacteriophage
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BACTERIOPHAGE TYPES OF SERRATIA MARCESSENS
FROM BURN WOUNDS OF MILITARY PERSONNEL

The species of the family of Enterobacteriaceae capable of opportunistic
colonization and invasion of burn wounds include a wide variety of enteric
bacteria, and of these, Serratia marcessens displays an unpredictable but
recurring aptitude for such invasion. Actual Serratia epidemics have been
reported from some institutions, although this situation has not developed in
the Institute of Surgical Research. Sporadic instances and smali outbreaks
of Serratia have occurred here, but a sustained epidemic outbreak has not
been encountered. In view of its ability to infect burn patients, however, a
systematic program for monitoring the strain identity of Serratia is maintained.
This includes a culturat technic that concentrates on detection of non-pigmented
forms, and a typing of isolates by use of a bacteriophage set collected in this
Institute from sewage (1). The set of typing phages has been used to
characterize strains recovered in the Institute of Surgical Rescarch since 1967,
and the nature of the seeding of burn patients by this opportunistic pathogen,
its variability and the degree to which individual strains are selected by the
patient population in which they are propagated, have been elucidated by
this approach.

The typing system as evolved consisted of seven phages. As with any
strain differentiating technic, the essential question was, whether a sufficiently
detailed screening structure had been devised, so that strains varying in
identity could be distinguished, and also whether identical strains would fall
into a single group. This objective was achieved; in 5 out of the 7 years the
number of type patterns was such that the average number of strains per
pattern was quite small, i.e., 3.1 to 4.5 strains per pattern.

Table 1 summarizes the progression of Serratia infections that has
occurred in burn ward patients since an effective typing system was available.
Note that in 1967, as an illustration, 3 phage types recurred in enough patients
to merit consideration as a sequential transmission, although the maximum
number of patients with one type was 6 out of a total of 27 patients with positive
cultures. Sixteen patients had one of 3 types as the infecting strain. The re-
maining 16 types that were recovered were distributed among 11 patients and
also occurred among those patients who harbored the predominant type.

A similar pattern of type distribution occurred in 1968 through 1971,
There wouid be a relatively large number of types that occurred each in a
small number of patients, (often in only one patient); then there would
appear a small epidemic pattern of 3 or 4 types which recurred in several
patients, although any one of these predominant types would be found in only

1. English VC, Latta RL, Brame RE, Lindberg RB: Development of a bacterio-
phage typing system for organisms of the genus Serratia. USA Surgical Res.
Unit Annual Rpt FY 1968, BAMC, Ft Sam Houston, Texas. Section 32.
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Table 1. Phage Types of Serratia marcessens in
Burned Patients, ISR - 1967- 1973
3
L Year Total Total No . Patients Predominant Patients With Strains of This
18 Strains Types Positive Type This Type Type
4 No . % of No. % ofall
E | Al Strains
A Pts.
i .
2 1967 59 19 27 3,5,7,9,11,15,18 6 22.2 8 135
]' 3,5,7,11,15 5 15.5 21 35.5
' 3,5,7,11,15,18 5 15.5 7 11.8
; |
L 1968 118 26 51 5,7.9,11,15,18* 7 13.7 18 182
3 5,7.15 7 137 7 59
i 11,15 7 3.7 e 135
4 ’ 15 8 15.6 16 13 5
3
i 1969 168 37 78 5,7.9,11,15,18* 10 12.8 19 113
¥ 5,7.9,15,18 4 5.1 4 23
. 7.9.15 7 8.9 1 89
3 1970 117 26 49 5,7,9,11,15,18* 10 20.4 29 4.7
3 5.7.9.15,18 8 .3 9 7.6
1 15 8 6.3 13 1M
18 5 10 2 7 5.9
E 1971 50 12 23 3,5.7.11,15,18 5 21 7 AR 22.0
- f 5,7.9,11,15,18* 3 13 0 7 4.0
E 15 3 1o 3 60
3
k 1972 100 14 27 1 19 70 3 63 63 0
E J N 1973 139 10 24 5,7,9,11,15,18* 17 .8 98 705
; 15 4 in b 7 5.4

* This type: 5,7,9,11,15,18, was the most frequently encountered predominant type




a small part of the total of patients positive for Serratia. In 1970, as an
illustration, the predominant type occurred in 10 patients, but two other
types occurred each in 8 patients, and one more occurred in 5.

There was one type, out of all the phage patterns distinguished, that
recurred most often. This was type 5,7,9,11,15,18. If any type could be
described as an endemic strain, this one would fit that category. It was the
cause of one of the two unequivocal outbreaks of Serratia marcessens
infection, when an epidemic episode of Serratia occurred in 1973. There were
24 patients who harbored Serratia in some site, and of these, 17 were positive
for 5,7,9,11,15,18.

A monotype epidemic unique in the course of this study occurred in
1972, when type 11 was found in 19 out of 17 patients positive for Serratia.

A more detailed study of the strains that have incited epidemic type
outbreaks is shown in Table 2. Type 5,7,9,11,15, 18 was the most common
type recovered in 3 years, and the next most common in 2 more years. Type 15
was a recurrent type of major importance: in 1968 it was the most important
type numerically, in 1969, 1970, and 1973 it was second in occurrence and
in 1969 it was third most frequently encountered.

A type which was numerically important in 2 years was 3,5,7,11,15,18
It was second in occurrence in patients in 1967, four years later, in 1971, it
was found in more patients than any single type.

Type 11 has only once been numerically important. 1t was the cause
of a major epidemic episode in 1972. Seventy per cent of all patients positive
for Serratia harbored type 11; the remaining 14 types found in that year were
scattered so that none were found in more than one patient.

The implications of this analysis of type distribution of Serratia
marcessens are significant in their explanation of the epidemiologic potential
of this opportunistic burn pathogen. Serratia in blood stream, lung and burn
wound can act as a highly lethal organism, and its recovery as the causative
agent in sepsis has been reported in this Institute on several occasions. It
appears, however, to be most often present as a transient inhabitant of the
burn ward; brief epidemic episodes of single type infections tend to die out,
and a heterogeneous flora is often present. But the organism can establish
epidemic infection patterns, as were seen in 1972 and 1973. One of these was
with an exotic, seldom seen type, type 11. The other was a numerically pre-
dominant outbreak of a type that in 4 earlier years had occurred without once
invelving more than 12% of all the patients harboring Serratia in a given year.

Explosive persistent epidemics are prone to consist of strains which
exhibit increasing virulence and increasing antibiotic resistance as they
progress. Thus far they have been recognized in retrospect after they had
subsided by whatever natural causes determine such ebb and flow of strains
in the burn population. But the capacity for serious damage and
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Table 2. Incidence of Four Epidemic Types of
Serratia marcessens

Year Type Order of Patients Strains
Frequency No. % of all No. % of all
; Positive Serratia Strains
5 Pos.Pts.

1968 5,7,9,11,15,18 2 7 13.7 18 15.2
! 1969 1 10 12.8 19 11.3
. 1970 1 10 20.4 29 24.7
1971 2 3 13.0 7 14.0
1972 0 0 0
1973 1 17 70.8 98 70.5
f{. 1968 15 1 8 15.6 16 13.5
3 1969 3 5 6.4 5 2.9
! 1970 2 8 16.3 13 1.1
g 1971 3 3 13.0 3 6.0
; 1972 - 0 0
1973 2 4 16.6 7 5.0
1967 3,5,7,11,15,18 2 5 18.5 7 11.8
1971 1 21.7 1 22.0
1972 11 1 19 70.3 63 63.0
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uncontroliable sepsis inherent in such transmissible epidemics makes their
recognition of greater importance. The system here devised and tested

can effect precise identification of epidemic types. Control measures in such
situations are not necessarily obvious, but until the situation is recognized,

little effective action can be taken.
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Five per cent Sulfamylon acetate solution is used as the wetting
agent in the wet to dry coarse mesh gauze debridement technique and for
the continuously wet dressings which cover ''meshed'' autografts or
excised areas in the burned soldier., Fifty-six point cne ncr cent of
all admissions had the agent used at least for one of the above mentioned
techniques. Seventy-six per cent of the patients receiving the agent had
it used fcr more than one of the treatment modalities. 9Jnly one patient
had severe respiratory problems apparently related to the application of
5% Sulfamyion acetate solution for a presumed 0.7% compliication rate.

One patiet had severe respiratory problems while being treated with the
Sulfamylon acetate cream in addition to the 5% Sulfamylon acetarte
solution. Another patient had severe respiratory distress related to
the topical application of the Sulfamylon acetate cream very early in
her burn course and received the 5% Sulfamylon acetate solution on

three sw.na, ate occasions later in her course without manifesting any
siagns of coxicity.

Burn

Eschar separation

5% Sulfamylon acetate solution
Humans
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FIVE PER CENT AQUEOUS SULFAMYLON SOAKS USED
IN TOPICAL TREATMENT OF BURNED SOLDIERS

Five per cent Sulfamylon acetate solution was used in 137 patients
or 56,1/ of all admissions. It was used on 128 patients as the wetting
agent in the wet to dry coarse mesh gauze debridement technique. It
was used as the antibacterial wetting agent for continuously wet
dressings covering ''meshed'' autografts or excised areas in 110 patients.
Most of these patients (767) had the 5/ Sulfamylon acetate solution used
for both treatment modalities.

Toxic reactions manifested by pulmonary and/or cerebral signs were
clinically diagnosed as being related to the use of 5/ Sulfamylon acetate
solution in four cases. The apparent pulmonary signs of Sulfamylon
acetate toxicity were initially hyperventilation followed by pulmonary
infiltrates seen on chest roentgenograms.

It appears as if one of these patients should be excluded even
though he was receiving the agent because he had blood cultures positive
for coagulase positive Staphylococcus on cach of the three occasions in
question. He responded on each occasion to having the agent discontinued;
however, he also had multiple other therapeutic maneuvers carried out
including changes in antibiotics.

Another of these patients did have hyperventilation, severc obstruc-
tive lung discase and marked pulmonary infiltrates beginning on post
burn day six, the fifth day of Sulfamylon acetate cream therapy. She
had no evidence of fluid overload nor of sepsis. She also was rot
receiving 5/ Sulfamylon acetate solutior - only the cream. Of interest
is the fact that she went on to receive >. Sulfamylon acetate solution
on three separate occasions later in her course without manifesting any
signs of toxicity.

Orie patient had marked pulmonary signs without any evidence of
sepsis while receiving 5/ Sulfomylon scaks Lo extensive areas in
addition to rthe Sulfamylon acetate cream on other parts of his Lody.
He rucovered when all Sulfarylon therapy was stopped.  This patient
subscquently had 5 Sulfamylon acetate s.lution usca on four separate
sccasions without any difficul iy,

Only ons patient had scevere pulm-rary probl.osv with the ©
Sollamylon solution that could not ke clared o sep i~ or u=e of
sulfamylon cream.  He had twe <eparar. cpisodes of vospiratory di-tress,
1t tast requiring tracheostony.,  Hi- pulronrary <iaes clearced within

twe days after topping the vee of 1the olution on both occasions,

b surmary, there vere thres potient who had respiratory problem.
wpparently related to the applicati o of sultoaryler acetate ] however,
anly e wan e civing the agueo dutien in o the tarem ot ook, Singe
5 4o lfamylon acetate sobviis o applice to A7 siiverest patlonts,

the incidence ot wovere conplication, apparently i+ ondy 007
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The existence of eprdemic outhreaks of roelative s, oSS e oo
Psendomonas deruginosa on the burn ward was uncover @5 b i EETIEE
isolates . Although mosL of these oulbre akggyore with s Ut
in vivo h) topical therapy with Sulfamivion N Chere we st ains Voo anrd
not be effectively trested with Sulfamyion. Upidemees 0 v h <oraias
threai of invasive sepsis duc fo Ps acruginesg that conitd be ey dange
to paticnt. . Trcarcilling a new experimental semi-svine . Go oentcitling, o e-
markedly -.-m;-z ftve in preventing sepsts o animads ioown b ther horas s
bad no offect. This drug merits serious consideration o o0 g unct i b

therapy .

Burn-
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Pseudomonas

Semi- synthetre penialdlin
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4 DEVELOPMENT OF PROPHYLATIC TOPICAL THERAPY
k. FOR USE ON BURN WOUNDS OF MILITARY PATIENTS.
= THE SEARCH FOK NEW FORMULATIONS

:m role of Pseudomonas seruginesd in burn wound infection has been
, a4 recorrent problem, therapy has been directed toward it for at least two decades;
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Table 1. Epidemic Episodes >f Ps aeruginosa due to
in vitro Sulfamylon Refractory Types

Phage Type Year and Number of Patients with Type
1967 1968 1969 1970 1971 1972 1972

m
|

2 11 14
- 87 19

A
M
B-13 42

F-3 17

H-15 17

M-4 12

NT-2 57

NT-1 14

A-71 25
NT-5 21

under study were distinguished by relatively high virulence and refractot
ness to treatment. All in vitro resistant strains were not like these; many
were less than completely virulent and most of them responded to treatment.
But these epidemic strains were resistant in vitro and treatment-refractory .
These factors are summarized in Table 2.

Table 2. Response to Treatment with Sulfamylon
of Experimentally Burned Rats Seeded with Sulfamylon-
Resistant Epidemic Strains of Ps aeruginosa

Year Strain Mortality in Burned Seeded Rats - %
Sulfamylon Treated Untreated
1967-8 E-2 92.5 100
1967 A-87 87.2 96.6
1969 B-13 97.7 100
1972 NT-2 94 .4 92.5
NT-1 90.2 93.7
1973 NT-5 89.5 94 4
A-71 92.3 96.9

Treatment-Responsive Epidemic Strains

1969-1970 M-2 12.2 96 . 8
1971 F-3 7.6 100

Sensitivity to Sutfamylon Ave 043
Ranae 6 Tty




Seven strains, over this 7-year period, were highly virulent for the
burned rat model and were relatively resistant to Sulfamylon in vitro. Two
strains conformed to the in vitro part of the resistant epidemic strain, but

- they responded to Sulfamylon treatment in the classic manner.

) Certain of the epidemic strains exhibited a behavior pattern that suggested
= they were indeed the cause of a disproportionately large part of specific

= Pseudomonas sepsis. An example was the epidemic outbreak due to type B-13
1 ‘i 1969 (with a brief extension into 1970) . Table 3 illustrates this sequence of
wvents . The strain had been seen first on 4 pat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>