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Preface

SUPERINFFGTIONS CAUSED BY tntibtotic res: tant bactenis are com
monplace Wath the advent of new drugs which alter the balance of
bactenial flora and with the develoy of new 7
measures such 2s organ trancplantation and chemo therapy of cancer
requinng the suppres 1on of natural body defen e mechani ms the
threat of re< tant infections has become paramount

Inf due to Pseud. I 1n their evere form
are ufficiently uncommon that many physiciins do not have wide
experience 1n their diagno 15 1nd management Many ymportant con
tnibutions hive dealt with simgle case reports or ) olated expeniences
many others are avulible only 1n foreign journal and foreign lan
guages It 1 with the e 1ssues 1n mind that the pre ent compre
hensive revien of p eudomona 1nfections wa undertaken

The auther s per onal expenence has been linmted for the mo t
part to tho e infections developing 1n the etting of malignant dis
ea e however 1t1s evident that many of the le ons learned will be
applicable whatever the underlymn,, di ea e process will he A report
of climeal experience with septicemia due to Pseudomonas aerug
nosa has previou ly been publs hed '

The chinical dat1 have been pre ented o that different systems of
the hody are dealt with <eparately Within each ection in ofar as
po sible reports have heen di cu ed chronoloically It 15 hoped
that this will repre ent the mo t eflectine way of pre enting the
available information

Many hundreds of references were canned 1 compiling the pres
ent btbliography The references included are helieved to be repre
sentative pertinent and up to date

The author wishes to expre s bnis deep appreciation to Dr (
Cordon 7ubrod Chimcal Ihrector National Cancer In itute
Bethesda Marylind for Ins encouragement and constructine
enticism A particular debt of gratitude 15 owed to Dr John Edg
comb Department of Pathology National Institutes of Health
Bethesda Maryland who had the major responsibility for the ection
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on pathology and for the photographs Finally the many helpful
<uggestions offered by Dr Maxuell Finlind Ascocinte Profe or of
Medicme Harvard Medical School and Associate Director Thorn
dike Memonial Laboratory Boston Massachusetts are gratefully
acknowledged

Craupe E ForaNer Jr MD



1  Characteristics of Pseudomonas
Aeruginosa

BACTERIOLOGY

Pseudomonas aeruginosa (B pyocyaneus Ps pyocyanea B aeru
ginosum) 15 a lender rod shaped tctively motle flagellated gram
negative bacterum with rounded ends Its stated dimen 10ns are
15 to 30 micra in length and 0 5 micron 1n breadth Frequently 1t
grows 1n short chamns of two or more orgam m The number and
position of flagellae may vary within a given strain * The organism
1s aerobic and does not form spore It forms acid from glucese but
from no other sugar * ° * 33’ Growth occurs at temperatures rang
ing from 5 to 42 C The optumal growth temperature 1s 37 C *'7 The
bactenia grow mn large spreading colome which may vary morpho
logically Gelatinous vanants exa t ** 378

Classification of strains under the genus P endomonas 1 difficult
because of their vanety and wide range of actiity Criteria for
ther separate 1dentification are unsettled Ps aeruginosa 1 the only
member of the genus known to be pathogenic for humans A labora
tory test for the 1dentification of Ps aeruginosa based on the high
witracellular concentration of cytochrome oxida e and the forma
tion of indophenol blue has been de cribed ' * Cood review of
bacteriologic tudies of Ps aeruginosa are tvailable ' 15 14 3

ENDOTOXINS

Filtrates of broth cultures of pseudomonas have demonstrated
proteolylic activity ' #*  Likewsse potent endotoxins have been
wentified Piromen (formerly Pyromen) 15 a punfied cell free prod
uct obtamed from pseudomonas? which has been u ed i fever
therapy ** and mn the study of pyrogenic reactions In 1950 Bennett

Ths m ph bz d on work dose whil the thor was with the General

Med cne B anch N ton 1Cane Inttute Nato alln tw t of Health Bethe da
Maryland






1 Charactenistics of Pseudomonas
Aeruginosa

BACTERIOLOGY

Pseud. (

I I B pyocyaneus Ps pyocyanea B geru
ginosum) 1s a slender rod shaped actively motide Ragellated grns
uegatne bacternum with rounded ends Its tated dimen ton are
15 to 30 mucra 1n length 1nd 05 micron m breadth Frequently 1t
grows in short chamns of two or more orgam ms The number and
po 1mon of flagellae may vary within a given train '* The orgam m
15 aerobic and does not form spores It forms acid from ,luco e but
from no other sugar®® * *  Crowth occurs at temperatures rang
ing from 5 to 12 C The optimal growth temperature 1s 37 ™ The
bacteria grow 1n large spreading colomes winch miy vary morpho
logically Gelatinou varmtsexast® # ¢

Classification of strams undcr the genus P eudomons 15 difficult
becau e of their variety and wide range of actinty Cnitern for
therr separate 1dentsfication are un ettled Ps aeruguosa 1s the only
member of the genus known 1o be pathogeme for human A Jahora
tory te t for the identsfication of Ps geruginosa b1 ed on the lugh
wtracellular concentration of eytochrome oxidi e and the forma
tion of mdophenol blue has been de erthed '™ Cood reviews of
bacteriologic  tudies of Ps aerugmosa are available ' VM

ENDOTOXINS

Filtrates of broth cultures of pseudomonns have demonstrated
proteolytic activity ' *¢ Tikewise potent endotoxins have heen
wdentified Piromen (formerly Pyromen) 15 a puntfied cell free prod
uct obtamed from peeudomonas * winch has betn u ed in fever
therapy *™ and in the study of pyrogemc reactions In 1950 Bennett

Tht mon praph  based on work dove while the autho was with th General

Med ne Bran h Navo al Cancer In t tuta Nat on 1 Tn titutes of Heslth P the da
Maryl nd



2 PSEUDOMONAS AERUGINOSA INFECTIONS

and Beeson * published 1 comprehensive revien of pyrogen The
mo t potent known pyrogens appear to be tho e 1 <ocrated with the
somatic antigens of gram negative hacteria ¥4 461 44

The physiologic disturbances produced by endotovins were re
viewed 1n 1951 by Thomas '* and 1 syndrome of vasculir collap e
was desenibed ! * Several chmieal and expenimental reports pertaun
to the mechinism of this state®’ *' 1 1 © ™ Pyperimentally no
qualitative dhfference 1n action or effect has yet been found between
the endotoxin of Ps aeruginosa nd that of other ram negatne
bacteria Progressnve 1llness and eventual death occurs 1 some pa
tients whose blood has heen rendered sterile by intimicrobial ngents
This 15 1 accord with the concept that the pithologic eflects of
p~eudomonas infection are not <o much tho e of Ining hactern 1
of therr toxic products One endotoxin of grim negatne bacteria
consists of phospholipid and polysaccharide moities sometimes 15 o
crated with protein or polypeptide ** 1% Landy * has demon trated
that removal of protem from such 2 complex does not alter the bio
logic character: tic~ of the endotoxin

PIGMENTS

The best known pigment of Ps aerugimosa 1~ pyocyamn 1 deep
blue phenizine dermnatne ** soluble i both chloroform and
water *' It was fr t 1solnted from cultures of p eudomonas m 1£60
by Fordos ** The relatively nnocuous effect of pyocvanin on human
<kin and leuhocytes has been mve tigated* I'yocyanin con utute
a reversible oxidation reduction <ystem and acts as 1 re piratory
cntalyst It has been termed the mjor re piratory enzyme of I's
aeruginosa* ' Pyocyamn formation 1< <pectfically inlubited by cer
tam re piratory pot ons (KCNi wlich sugge to that re piratory
enzymes are myolved n pyocyamm bio ynthe 1> *t Other pigments
may be formed 17 Many strains lo e the ability to form pigment
apparently srreversibly 7 and many origmal 1 olate are non pig
mented ! 13197 ¢

Bacterinl fluore cence of Ps acruginose has been reported 71
This charaeters tiehn been v ed elimieally * 4 wella 1n the wdenty



CHARACTERISTICS OF PSEUDOMONAS AERUGINOSA 3

fication of cultures Chromatographtc investigations have bheen de
seribed by Rivera cited by Walliams ¢ * who thought that ubcla sif
cation of stramns on the hasis of pigment formation ultimately might
be u eful

ANTIBIOTIC ACTIVITY

Substances with antihiotic activity have heen 1 olited from ex
tracts of Ps aeruginosa® " 233 Methods for the production
punification and 1 olation of ome of the e have been de cribed '*°
43 448 These antibiotics have been variomly attributed to enzymes
pigments and endotoxins Activity agam ttyphord fever* # diph
thena' F coli®® W tuberculosis ** viru e * fung® '™ and
gram positive bacteria have at one time or another been described

SEROLOGY AND IMMUNITY

P eudomonas 1nfection induces production of agglutmin A titre
hugher than 1 30 1 rarely encountered in a normal per en but
titres of 1 1000 or higher may occur during systemic infection **
Neter and Weintraub® ¥ <ugge t u e of the conditioned bacterial
hemagglutination test to (hfferentiate actual mfection from carmer
state  This test eems to offer greater ensitiaty than the comven
tional bactenal agglutination te t 1t depends on the ready adsorp
tion of the somatic antigens of Ps aeruginosa by erythrocytes which
are then pecifically agglutinated by homelogous bactenal antt
bodies Gaines and Landy ! % have demonstrated 1n random human

era the presence of Ps aeruginosa hemagglutinins 1n the ab ence of
hacterial agglutinms thrs sugge ts that man mu t come 1 contact
with and develop an immunologic response to Ps aeruginosa more

frequently than 15 lly apy d

EPIDEMIOLOGY

Ps aeruginosa 3 widely &1 tnibuted m nature The percentage
of people who are carriers of p eudomona n the mte tinal tract
has been vanously estimated from 001 to 155 per cent®* 17

' ? Studies on the eprdemol feature of p eud:

infec



2 PSEUDOMONAS AERUGINOSA INFECTIONS

and Beeson ® published a comprehensive review of pyrogen The
most potent known pyrogens appear to he those 1-sociited with the
somatic antigens of gram negative bacterzq #¥ #9 16

The physiologic disturbances produced by endotovins were re
stewed 1z 1954 by Thomas 4 and a syndrome of vascular collapse
wa described * * Several chmeal and expermmental reports pertam
to the mechantsm of thie state 3 * 11 1938 Pypermentally no
qualitative difference m action or effect has vet been found between
the endotoxan of Ps aernginosa and that of other rm negatne
bacteria  Progresuse illness and eventual death occurs in some pa
uents whose blood ha been rendered sterile by antirncrobn i agent
This 15 1n accord with the concept that the pathologic effects of
pseudomonas nfection are not <0 much those of Iiving bactena as
of their toxic products One endotoxin of gram negative bacterit
conststs of phospholipid and polysiccharide moities sometime as o
ciated with protein or polypeptide i 4 Lindy ° has demonstrited
that remoral of protemn from such a complex does not alter the bio
logic characteristics of the endotoxin

PIGMENTS

The best known pigment of Ps aeruginose 1 pyocyamn 1 deep
blue phenizine dernatie® ! soluble 1 both chloroform and
water ¥ It was first 1solated from cultures of p eudomonas 1n 1860
by Fordos 1* The relatively 1nocuous effect of pyocyanin on human
<kin and leukocytes has been mvestigated ® Pyocyanm consyitutes
a reversible oudabon reduchion system 1nd acts ' 4 ve paratery
cntalyst It has been termed the major re piratory enzyme of Ps
aeruginosa® * Pyocyanin formation 1 wperifically minbited by cer
tamn respiratery por ons (RCN3 which su_gest that respiratory
enzymes are involved m pyorynm biovynthewss 't Other pi.ments
may be formed *'7 Many struns lo e the ability to form pigment
apparently rever 1bly %% and many ongmnal 1 olates wre nonpig
mented? 1T A

Bacterial fluore rence of Ps aerugunosa has heen reported T
Thi characters ticha been n ed chimexlly * 4 well 2« 1n the 1dents



CHARACTERISTICS OF PSEUDOMONAS AERUGINOSA 3

fication of cultures Chromatographic investigations have been de
scribed by Rivera eited by Williams * 2 who thought that subelr sifi
cation of trains on the basis of prgment formation ultimately might
be useful

ANTIBIOTIC ACTIVITY

Sub tnces with antibiotic activity have been 1 olated from ex
tracts of Ps aeruginosa* 13 1 138 3% Methods for the production
punification and 1 olation of ome of the e have been described ***
443 414 These antibiotics have been varion ly attnbuted to enzymes
pigments and endotoxins Actrvity agamst typhoid fever* ¥ diph
thena' E colt*® M tuberculosis '® viruses™® fungr® ' and
gram positive hacterit have at one time or another been de cribed

SEROLOGY AND IMMUNITY

Psendomonas mfection induces production of agglutimns A titre
tugher than 1 30 35 rarely encountered 1n a normal per on but
titres of 1 1000 or higher may occur during sy temic infection **
Neter and Wemntraub* ¥ sugge t u e of the conditioned bactenal
| nation te t to diff actual 1nfe from carrier
state  This test seems to offer greater ensttivity than the conven
tional bacterial agglutination test 1t depends on the ready adsorp
tion of the somatic antigens of Ps aeruginosa by erythrocytes which
are then specificall 3t d by homok b b anti
bodies Games and Landy ! have demonstrated n random human
sera the presence of Ps aeruginosa hemagglutimns 1n the absence of
bacteral agglutimn, tlns uggests that man mu t come 1n contact
with and develop an 1mmunologie respon e to Ps aeruginosa more
frequently than 1s generally appreciated

EPIDEMIOLOGY

Ps aeruytnosa 15 widely di tributed 1n nature The percentage
of people who are carriers of p eudomonas m the inte tnal tract
ba been vanowly esbimated from 04 to 155 per cent®*t *

" ® Studies on the epidemgl,

features of p eud mfec



4 PSEUDOMONAS AERUGINOSA INFECTIONS

tion are wailable 7 *° 7 38 Recent observations emphasize the

daptability of pseud or| to all kinds of hquid media
including antiseptic solutions® © 38 385 4g ye]l a5 urine bottles
and bed pans *  Transmission may occur by way of contamunated
hands of ward personnel ©°  since nfections are largely confined

to hospitalized patients Reveahng studies on the prevention of

© RONOLOG OF 72 EPISCDES OF SEPTCEMIA IN PATENTS WITH AGUTE LEU EMA ON A IO BED
WARD FROM JUNE 1955 TO JANUARY 19%7
AUME SN UG SEPT 0T NOV OEG JA_FER MAR APR MA JUNJUY AUG SEFT OCT NOV CEC JaN
"

A mgne

Mp gre

@ampo oceus

Fic 1 — Illu tration of grouping of generalized P eudomona infections 10 con
tra t to more random ditribution of other infection on a leuhemia war! (From
Forkner et al P eudomonas epticemia AmJMel 2 82/ 1958 Reprintel 1y

perm1 1on of the publt her )

Ps aeruginosa nfections 1n wradiated mice and rats have heen re
ported * Widespread infection onginated from carriers and was
propagated by fecal contammnation of drmkmg devices Flimination
of the e cau es controlled the epidemic In our own experience
pseudomonas septicemsa has occurred mn several small epidemics

i patients with acute leuhemia treated on the same ward **° Tht

was I contrast to the more random temporal distribution of other
tions a5 indicated graphieally in FIGURF 1 Fpidemics have been
343 319

nfec
noted el ewhere



CHARACTERISTICS OF PSEUDOMONAS AERUGINOSA 5
PATHOGENICITY

ln 1850 Sedillot demonstrated the transferability of greenish blue
on surgical d gs* ¢ Lucke 1n 1862 *% showed
that this condition was mnfectious and saw rod shaped elements
the discharge In 1882 Gessard '®* obtuned Ps aerugtnosa in pure
culture from two cutaneous wound d1 colored blue green Gruber **
1n 1887 recovered Ps aeruginosa from green suppurations of the
ear Despite early demon traton by Charnn® 1n 1889 of path
ogemeity for ammals g of the pithog y of this
organism for man was not immediate
In regard to Ps aeruzginose Ford gquotes Schimmelbusch ¥
While 1t can cau e local inflimmation and general symptoms 1t
never mvades the body at least in adults O ler *** in reference to
Ps aeruginosa wrote  Although this 1s not a frequent cause of
septicerma and pyema 1t nesertheless de erves special mentron
It 15 probably not an independent pathogen but occurs only as a
econdary nvader in existing lesions—especially of the mouth and
skin  As shall be illustrated given the proper predisposing eircum
stances there 1s scarcely a region of the body exempt from infection
with Ps aeruginosa




2 Chimical Manifestations of
Infection

SEPTICEMIA

Smce Finkel ten* " 1n 1896 fir t reported blood cultures positive
for Ps aeruginosa 1t has become firmly estabhished that this or
gamsm m1y produce septicerma  Although Finkel tein 1 generally
credited with the first ante mortem report of p eudomonas septice
mia Wilkams and Cameron *** 1n 1893 and 1891 observed two
children with typical courses post mortem cultures were positive
for pseudomonas from the internal organs i one and from the
heart blood 1n the other They termed the disease ¢y nopyaemit
Their observations were not printed untl 1896 becu € of 1 dely
m transit to the publi her The<e wniters 1n turn credited Fhlers *'*
m 1890 with 1 olation (post mortem) of p~eudomonas from the
blood and orgns of similar cases As 1 result of systematie hacte
riologic study of 800 con ecutive autopsies at the Johns Hophin
Hospital Barker ! 1n 1£97 was able to find 11 c1 es of either locl
or general pyocyanic nfection A severe hemorrhagic tendency
and a Ingh incidence of smooth muscle paralyst were noted m these
cases

The pathogemicity of p eudomona for ammal had already been
noted * Inls treatt e La Maladie Pyocyanique  Charnn pre ented
a summary of the pathogemaity of p endomonas m ribbit ** The
pathogemeity of p eudomonas 1n dogs was de cribed by Caderc®
m 1890

Lartigau © 1n 1296 reported three ¢1 es of p eudomona infec
tion 1n man and de enbed the chimcal evolution of malidie
pyocyamque  Character: tic fentures of epticemins were reported
te be irregular fever 11 omotor di turhances focal necro es and
hemorrhagic lesions in the parenchymn of 33 cert with 1 predilection
for the small bowel A high incidence in clildren was noted The
following year Brill and Libman*® reviewed the hterature and

5



CLINICAL MANIFESTATIONS OF INFECTION 7

reported the fir t adult patient with p eudomonas epticemia
Pigmented <pots were noted over the body the po sible relation
Tip of the e to airculating towic factors was con idered

In 1901 Wa ermann* reported an epidemic of 11 newborn
wfants with umbilical infections terminating in fatal pseudomonas
epticermas Most of the e patient liad pulmonary ds ea e Babes !
al o recorded ¢ e of p eudomonas epticemia wlich ongnated
i the umbilicus

Watte* 1 190" reviewed the hterature and added two ca e
Fraenkel ¢ M7 i four monographs wnitten between 1906 and 1925
discu ed at length and 1n great detail the In to pathologte change
a ociated with g lized p eud i In particular
he de cribed the charactert tic apperance of p eudomona le 10n
1n the kun and blood ves el which 15 aud to be pathognomonic of
infection by thi» organism To quote directly  The anatomic basis
for all the orgamc changes of pyocyaneus mfection 15 to be ought
1n a character ic typical colomization of the bacillt 1n the walls
of the blood ves el mn the d1 eased foc1 and in the Jocally induced
i turbance 1n nutrition increa ed by toxic wfluence  This finding
even without the cultural 1dentification of the bacilli permit of an
anatomic diagno 1 of pyocyaneu infection Examples of this
{eature are shown n FICURES 2 and 3

Dold* * 2% 1n 1918 and 1919 reported a relationship of psen
domonas fection to a typhoid like fever locally known as Shangha:
feser or 13 day fever The ¢ illnes e« were a <ociated with
plenomegaly and a ro eolalike maculopapular <hin exanthem
they re embled typhoid or paratyphoid fever in therr chinreal pic
ture and course U ually in the ab ence of complications patients
became afebrile in two or three weeks Pseudomonas was 1 olated
from the blood urme feces and <kin repeated attempts to 1olate
or agglutinate typhoid or paratyphoid orgam ms were un uccessful
Lilley and Bearup ™ 1n 1928 described 9 patient with generalized
p eudomonas mfection origmally thought to be typhoid fever The
organsm was cultored from the blood 1 2 (po bly 41 of the 9
ca es The authors were al o 1mpre ed by leukocyto 15 as a differ
entiating diagno L feature di tmet from typhoid fever The viru




8 PSEUDOMONAS AERUGINOSA INFECTIONS

= - -— s
Fic 2—fabore) P cudomona sascubti  ubmucosal connectr e 1y ve m uth
Hematoxylin-eo in (x 1100}
Fic 3——(b low) Ps o rupin sa in and near the wall of cap laries ul utane u
alipose it ue atd men 11 matoxylnenan (¥ 15000



CLINICAL MARIFESTATIONS OF INFECTION K

lence of the bactena was con idered to he nerea ed by pa sage
from patient to patient

Epsten and (ro man*® 1n 1933 empha 1zed the potential vir
ulence of peud m children p. larly in winfants as com
pared to adults They reported a 7 year old chuld with a lustory of
absce ses in the aulliry and anogenital regions who had an 18.day
course of fever and rectal paina  ociated with 1cterus splenomegaly
purpura thrombocytopema leukopema agrinuloeyto 1s  rapudly
preading nfection and death Ante mortem cultures of the blood
and stoo! were positine for p eudomonas At autop y the charac
ter1 ic gro~ and mcroscopic lesion  of p eudomonas infection
were found throughout the body F of the tibnal marrow
revealed many fat cell ab ence of myeloid cell and very few
megakaryocytes

Stanley *** 1n 1917 reviewed the lterature and reported 5 ca es
with termimnal epticemma One of the e had bactenal endocarditis
Rerby * reviewed 83 reported c1 es of pseudomonas septicerma
Of 39 cases 1n children the apparent portal of entry was the ga tro
intestinal tract 1n 25 7 per cent the hir 1n 15 ¢ per cent and the
middle ear 1n 126 per cent In 41 ca e~ of infection 1n adults ep-
ticema occurred after operative procedures 11 319 per cent—mo t
commonly after urologic procedures

Reefer and Hewitt * as part of a program de 1gned to evaluate
the therapeutic effectivene s of treptomycin collected by 1948 a
enes of 3000 infection treated m the Umited States Of these
there were 19 patients with p endomonas epticemsa The portal of
entry were the urinary tract mn 8 ca es <kin wounds in § ca es the
upper respiratory tract in 1 case In 5 ca es the primary focus was
unknown There were 10 deaths 2 fatality rate of 53 per cent

Mirabel # 1n 1952 over a penied of 11 months collected 18 ca es
of septicemia due to p eudomonas from the pediatric department of
San Juan City Hospital With the exception of one 10 year old
child all patients were younger than 16 months Diarrhea was the
original complamnt i 61 per cent of the cases and in these the
Ba tromntestinal tract was assumed to be the portal of entry Other
apparent ources were otitis media 11 per cent umbilical cord 55
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£
r.
3 - SLoato
Fic 2—fabo ¢/ P cudomona va culii  ubmuco al connectne 1 ue mouth
Hematoxyhn co m (X 1100)
Fic 3—(belo o) Ps aeruginosa m and near the walls of capitlaries ubcutaneou
adipo e tt ue atdonen Hematoryhneo m (X 1500)



CLINICAL MANIFESTATIONS OF INFECTION n

accounted for approvimately one half 12 patients had septicemia
due to Ps aeruginose 6 p eudomonas nfections were thought to
hwe orgmited from the genito unmary tract (5 following cys
to copy) 1 from the skin and 5 from unknown for1 All had fever
and 8 had chills Two had metastatic ab cesses Thrombocytopema
occurred 1 2 cases and agranulocytosis 1n 1 of the e OF the 12
patients 2 hid ecthymatous lesions None of 3 patients who recerved
polymyxn B died however 1 patient wlho received only tetracychine
died

Duning the yeirs 1954 through 1956 23 cases of epticemit due
to Ps aeruginosa occurred 1t the Chrmcal Center of the National
Institutes of Health The great majonity of the e patients had acute
leukemia Of the 23 cases 22 were fatal and all of the e were
antopsied Ob ersations on this eries with illustrations of the more
important climeal and pathologic features have been reported '

GRANULOCYTOPENIA AND THROMBOCYTOPENIA

Brill and Iibman *® in 1299 reported 2 ca es of p eudomonas
septicemua and remarked on the b ence of leuhocytosss despite
2 ful g infection G} 4 Ky ' ® the same year clumed
10 have found a leuhocyte de troying ferment 1n cultures of p eu
domonas In 1906 Rolly * * among other early writers stressed the
pre ence of hemorrhagic diatheses and abnormal coagulability of
the blood in the e infections Freeman ' in 1916 postulated a
leucocidin s re ponsible for the leukopema Hirszfeld et al ™ 1n
1942 de cribed 11 infants with pseudomonas nfection 9 of whom
died The authors were frequently able to culture pseudomonas
irom aspirated tibial or femoral marrow when hlood cultures were
negative They associated granulocytopema and thromboevtopema
with involsement of the bone marrow Lovett * found that injec
tions of p eudomonas could reduce the Jeukocyte count of gumea
pigs and cau e degeneration of leukocytes 1n the pentoneal cavity
Linthicum *' 1n 1927 Dasse ™ 1n 1928 and Delatour ** 1n 1932
mjected peeudomonas 1nto animals intravenously and observed that
the bacterium or 1ts products appirently caused granulocytopema
by d ying locytes or by mhibiting their f

MG




1o PSEUDOMONAS AERUGINOSA INFECTIONS

per cent po t operative or post instrumental 5 5 per cent unknown
11 per cent Symptoms and signs 1n order of frequency were fever
834 per cent diarrhea vomiting skin lesions cyanowt edema
Jaundice (16 6 per cent} hej galy and spl maly Agranu
locytosis and thrombocytopemia were not ob ered The over all
mortality was 67 per cent Polymyxin B was not used

Martin and co workers ** in 1951 reported 10 ca es of septicerma
due to Ps aeruginosa encountered 1t the Mayo Clinic over a period
of 13 years All the patients had fever u ually of a high <piking
type and 7 of the 10 had chills One patient had thromboeytopema
and developed necrotic lesions on the buttock Another had a lrge
erythematous lesion of the thigh leukopemia thrombocytopenia
and jtundice The portal of entry wis the gemto uninary tract in
7 cases Of the pauents 3 who had serious as ociated conditions
died Polymyxin B was not u ed

Hoffman and Finberg °* suggest that 1 very humid environment
contributed to the incressing ! of pseud f
noted 1 therr nursery Of 13 infants with p eudomonas infection
3 developed septicemin and died nd 2 others with local infections
died Only 3 of the 13 had recened antimotics prior to infectron
All were treated with polymyxin B

Roch #** 1n 1956 reported studies on 50 imstances of septicema
due to gram negatne bactena of the opportunist  pathogen group
occurring since 1951 All the patients were men nd all had recenved
<ome form of chemotherapy prior to the onset of septiceria Six
patients with pseudomonas septicerua died One patient infected by
both E colt and Ps aeruginosa and treated with tetracycline sur
wived Portals of entry 1n the 6 cases were urinary tract 3 intest:
nal tract 1 respiratory tract 1 <kin 1 All of the p eudomoni
septicemras were of sudden onset and five were preceded by mstru

mentahion
Spattel and co workers 0% 3n 1956 reviewed all ca es of brcterenita

due to gram negatne bactenn exclu ne of cases of typhoud fever
brucellosis and bactersn] endocarditis that were treated at the Mayo
Chnic between 1920 and 1951 * Of 137 ca es collected F col

* This enes included patients reg orted ear] rlyMaunetal
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accounted for approimately one bl 12 patients had  epticenia
due to Ps aerugtnosa 6 p eudomont nfections were thouht to
hase ongmated from the gemto unnary tract (5 followm,, cys
to copy) 1 from the ki and 5 {rom unknoy n forr All had Sever
and 8 had chill  Two had meta 1atic wh ce e» Thromboeytopema
oceurred m 2 cases nd agrinufocytosis in 1 of the e Of the 12
patients 2 had ecthymatou fesion  None of 3 patients who recenved
polymyxin B died howerer 1 panent who recensed only tetsacychine
died

Duning the years 1904 through 1956 23 c1 e of septicermn due
to Ps aertginosa oceurred at the Clintcal Center of the Nauonal
Institutes of Health The great majonsty of the ¢ pabents had acute
levkeria  Of the 23 cwe 22 werc fatal and all of the e were
autopsied Gb ervitions on this ertes with iffustrations of the more
mportant elimedd and pathologie ferturcs have been reported '*°

GRANULOCYTOPENIA AND THROMBOCYTOPENIA

Brall and Libman *® 1 1899 reported 2 cses of pseudomonas
septicerma and remarked on the b ence of leukocytons despite
a fulmmating ifection € heroghiewsky ' * the  ame year claimed
to hnse found a leukoeyte de troying fermem 1n cultures of p en
domonns In 1906 Rolly 3* among other early writers stres ed the
presence of hemorthagic diathe e« and abnormal coagulabibity of
the blood 1n the e infections Freeman ™ 1n 1916 po tulated a
leucacidin as re ponsible for the leukopemia Hirszfeld er al * in
1912 deseribed 11 1nfants with p eudomenaw mfecton 9 of whom
died The authors were frequently ahle to culture p eudomonas
from a prrated tibial or femoral marrow when blood eultures were
negatve They associated granulocytopenia and thrombocviopenin
with invohvement of the bone marrow Loveit  found that injee
tions of p eudomonns could reduce the leukoryte count of guinea
gs and c1u e degeneration of leukocytes in the pertoneal cavity
Linthieurs * 10 1927 Dasse™ i 1922 and Delrtour ™ 1 1932
mjected p eudomonas mto tmmals intravenou 1y and ob erved that
the hacterium or sts produets apparently cau ed granulocytopenia
by destroying granuloeytes or by il sting thear formation

g
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More recently Hubbard and co workers * have described expert
ments wherein a strain of pseudomonas recovered from the intestinal
tract of an nfant was introduced into mice and rabbits and pro
duced the characteristic necrotic lestons They also noted prefer
ential drsintegration of granulocytes when blood cells were expo ed
n vitro to a muxture of pseudomonas and proteus organisms They
postulate a capacity of peeudomonas to mactivate leukocyte proto
Iytic enzymes 1n order to explun the coagulative type of necro 1s
produced by the e organi ms Markley and co workers ° recently
studied pseudomonas septicemia i Peruvian patients with burns
and found that although the leuhocyte count was usually n the
normal range 1f the cour<e w1 rapidly fatal there was leuhopenia
or if the course was prolonged hefore death there was levkocytosis

Many other reports have dealt with the relattonship of agranu

locytosis to infection with Ps aeruginosq 3% 90 98 150 30 a1 4
0081 B3 013 3933 39 a0 3

BACTERIAL ENDOCARDITIS

Bactenal endocarditis 15 a rare mamfe tation of infection with
Ps aeruginosa At lea t 20 caces have been reported Some informa
tion about the e ca es 1s recorded 1n Table 1 In <ome mstances the
dragnoses appear certtn 1n other cases (5 6 12 14 17) diagno<e
seem uncertain In at lea t 11 patients the mitral valve nas msolied

Taste 1 —Reported Cases of Endocard tis Due to Ps Aeruainosa

Author I anent balte Remarks
Barker 13 41F Metral Portal probably inte tingl tract P eundo-
{Thayer) + 1 monas cultured from mtral vegetation

© aries bowel

Blum 3% 2t mo M Mutral Congenital syphils Focus of infection
unknown P endomonas obtained mn pur
culture from vegetations

Dela Camp® SIF Miral  Shin probsbly portal of entry Blood
culture negatwve prior to death P eudo
monas cultured from heart blood and
mmateal val &

Another pos ible ca € wa ot translated up to the t me of publication § ¢
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TasLe 1 —Conttay d

Author

Patient

Val e

Remarks

Rolly*

Bun eler

Fihetal 3

M ue anl
Ander on

St oley

DeM thand
aw n

HI 20

28F

6573

aM

WM

M

Mitral

M tral

Aortic
AMir ]

Aortic

M tral

dre pd

Aort e

Tne nd

No proof

Bowel probably portal of entry Pseudo
monas recovered from spmal fiud and
Hood before and after death Also cul
1y ed from vegetations

Patient had RHD with mitrat 1 uf

ency T eated with Sapr t n (10
P eudomonas) There was enjoc rd &y
of mutral val e wth perf ration Mo
pos tive blood culture obtar ed Vege
tation ot cultured

Port 1 of enry skin at ce P eudo
monas cultured from blood and urn
b fo e death. “ot cultured after death
Had typical b tolo ¢ chan s of ndo
cardti Bactera m porta and pulmonary
art 1y

Pseudomonas septicemia—prob bly { om
uf dary tract Gram n gati e rods 1
alve veg tatons Kilneys and sorta
mn lved.

P eudomonas septicenn 1 diabetic
with RHD Port | probably arm ry
tact Had mt al steno «  Pseudomo as
cultured f om veget t ons

P eud monas sept cemia follow g Preu
mococeus XIT epticema Pseudomon s
enlt r d from val e Treated w th sulfa
pen lin and a tipneum © cus erum

Pseud mon  septc ma from mt twal
tat Treated wth strept my n and
Py0 yaneu ph

Hitory of heumatc feer age 8
Pu perl P eudom nas  sepic m
Acut’ bact sl endocardins at necropsy
Treatd wth penclh 1 eptomyen
» lymy

Aucul trye de ly Pe domona
mosp 1wl {lown, ab t n No
dmo trated ept ema
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TaeLe 1 —Continued

Author Fanent

Vahe

Remarks

Coller and S53F
Dyer s

Kenoyeretal 235 20\

Wai tren and 8
Ha tings 431

Brund onetal * 37F

Gott egenanl 187

Romoda ?

Curtinetsl 7 26F

McDonald etal® * 23 M

Aortic
Mutral

No proof

Mitral

Mutral

No proof

Aortic

Aortic
Matral
Tricu pid

Lung probably primary site No prev
ous known salve dama.e P eudomonas
cultured from }ood urine feces and
throat }efore death Smears an1 cultures
of vegetations poatne Muluple ant
biotics

Mitory of RHD emce ae 7 with
valvalar damage P eudomons  epti
cema Recoverd with neomyein

Hi tory of RHD Blool cultures | » itne
before and after death Smears and
cultures of vegetation po tise for P eu
domonas  Treated with multyle ant
brotics

Remuttent fever 1 week afier mutral
comt urotomy with P eudomons 10
llood and putum Died 9 weeks after
valvulotomy I ew lomonas cultured f om
lun, ah ce s bone marrow valve vegeta
ton

Four year cour e of endocarlts with
I tory of polyarthmn and defectise
heart valve P eudomonas cultured from
blood and urine during last 6 month
Cured by plenectomy after re 1 tant to
all tried antibotic

No b tory of RHD or known previo
murmur Developed fever chills 4 bland
cultures were po itive fo I eudomonas
Developed AV £ tula after operation for
ectopic pre_nancy which probally be
came infected at time of cysto copy 2
manths prior to death

Narcotic addict with recu rent rheumat ¢
fever Blood cultures po twve Lefore and
after death Culture of ve_etation po 1
e for P eudomonas Mulujle ant

b atics
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Taste 1 —Conti ¢ 1

Author Pate ¢ [ Rema ks
Te teband 4% Pat ent was febrile 20 weeks after co
Fl rman 4 rective su gery for ot nt ductus snd s
teratrial septal defect R current fe er
b1l 11 nome aly a 1 many bleod cul

trsjomie fo pendomona I ter
™ite 1 post Llood cultures de pte
pr longed anthbioic adm  traton in
clud ng high do age of p lymymn D
Reojeration diclo d a 20 em lk
suture danglt o the night atr m ¢
rou de! by ¢ 1 n s of Ps aeruginosa
Following exct 10n of ths po t perats e
coure was be n a dthe g tent re
cov red

mn 3 of these there was s ociated involvement of the aortic valve
The aorhc vahe alone was affected 1 3 ca es and the tnen pid
valie alone 1n 2 others Positive blood cultures were never obtamed
m 2 of the less certain ca es Liedberg  mentioned without detail
the occurrence of acute endocarditis 10 4 burned patients whose
ante mortem blood cultures were po 1tve for p eudomons In 3 of
these patients at lea t one other orgni m was cultured from the
blood

CUTANEOUS LESIONS

Many and varted deseriptions of cutaneous lestons attributed to
appear 1n the ] among which are the follow
g petechiae ''* ro eola like 104 100 macu]opapular * anfiltrative 7
hypertrophic ' simulating lepro y * ery ipelas like cellulitis *
erythemr muluforme like * erythem1 nodosum** exfoliative 1%
pellagra like ™ hemorrhagic ¥ vesiculir “* bullous ™* multiple
ecthymata 3 * pemphigold 1™ 347 pustylar *° ulcerative ' gangren
ous' 4" necrotic ™ Some of this apparent variation may be
attnbuted to the natural morphologic evolution of the leston 1n 1te
various tages of matunty
Lesions beginning as macules or ve icle later becoming bullous
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Fic 4—fabove) Characten tic apreara ce of ecthyma gang enosum Note the
Hack coagulative necrotic center and umbil cated marem Inflammatory react on
1 m umal

Fic 5—(below) Character1 tic appearance of P udomona cellulti  esicular
form One esicle has ruptured and 1 a suming an umbilicated ecthymatou ap
rearance (From Forkner et al P eudomona septicema AmJMel 2587 19 8

Reprmted by permusston of the publ her )
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Fic (—E1 e necrotic 1 erated al ce ¢ 3 lvin  the buttecks and
back of ths 13 year Id g | wath scute  yel ytic le k ma Tk 1 ear hemor
b cthorac] oni b 217 /s acugmoaa Lot 1 ¢1tanto amm
were cult ed fromth 1 tto ks jons

or pustular and eventually loughing to form gangrenous ulcers
already oh erved by Ehlers 1'* and others were described by Bar
ker ' 1n 1897 and considered hy him to be cutaneou mamifestations
of systeme psend Hitsch and kreibich ®
the ame year gave to the e lesions the nume of ecthyma gangren
osum  Robin on ** referred to the dermatologic mamfestations of
p eudomonas epticemtn as  Characteni tic and consisting of
profuse cutaneous hemorrhages that tend to suppurate and become
gangrenous—preceded by imtial vesicles that develop 1n petechiae
and purpuric macules Ecthyma like cru ted arews are the result of
this morphelogic change

Ecthyma gangr oum A putl erupn  u Uy s ted o ¢ ha dened
bae nde il dbyan fammatory area Theput lsd harg fea

2 spot
fpem tedect aton 7
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A typical cutaneous lesion starts ns an erythematous macule
often n the ano gemtal arev which ripidly becomes vesicular con
tuning a cloudy opale cent flurd from wlhich the orgamism may be
cultured The lesion may exst singly or 1n clusters The surrounding
t1 sue 1s flrmed and tender Following rupture a cireulrr hard
dark crusty core develops This 1s charactenistically surrounded by
1 narrow rim of erythema There 1s hittle or no evidence of inflamma
tron peripherally and the le ton 1~ non tender The Iustologic changes
are similar to those of p eudomonas lesions elsewhere 1n the body
Variations 1n the form of flattened hemorrhagie well demarcated
areas of celluliis may occur The ve icular tage may be ab ent
Ilustrative lesions are <hown 1 FICURES 16

In our own certes of patients the onset of <epticemia 1n a few ca ¢
was preceded or accompanted by the ppearance of pink round
or oval maculopapular plaques on the trunk measuning up to tno
centimeters 1n diameter The-e were evane cent and their relation
ship to systermc nfection or to the previously deseribed cutaneous
lestons uncertain  Seeding of the hlood strexm from cutaneous
lesions 1s probably common and the reverse proce < occurs 1 some
cases

Baner and Cohen ** have described with colored illustrations 4
cases of infection of fingernail with Ps aeruginosa ns the primary
offender Candida albicans was also present in 3 of the e They found
the mo t effective treatment to he 0 1 per cent polymyxin B sulfate
n 1 per cent acetic acid followed by 2 per cent methylrosamlme
Other reports of infected fingernails are asvailable 1™ 31° Howe *
described mvasive infection of the leg due to p eudomonns this
was successfully tretted with surgical debridement and topical 10

per cent urethane colution

BURNS

With the adient of antibiotics 1 reduction 1n the ncidence of
gram po 1tne bacterial contamination of burns w15 achieved How
no comparable effect ha been noted for burns contamimnated

o tn 1951 (at the Burn e

with Ps aeruginosa Jack on et
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earch Umit of the Biemingham Accident o prtal} found that
burned patient  p eudomonac w1 re pon ible for more fatal che t
comphication and eplicemia thin any other orgrm m The local
appheation of 01 per cent polymyun sigmficantly reduced the
ncidence of contamination of burns with p eudomonas and pro
moted the healing of graft Other studie ™ 7 have hown that
secondary infection with p eudomonas tend 10 occur on the wards
rather than prior to admi sion or on an outpatient ba 15 and that
nfected burns or wounds were the major ources of pseudomonas on
the ward 7
Markley and coworkers  during the cour e of study of burn
m Peru encountered a ligh meidence of fatal eplicemrns due to
Ps aeruginosa chinieally mamfested by cutaneous le 1ons which
generally preceded death by from 1 to 12 days The e cutaneous le
1ons myolving burn free areas were of two types The fir t and more
common of the e was a vesicle which became necroic and was
followed by the appeirance of many similar le 10ns over the body
This type was noted in 72 per cent of children with cutaneous
le 1ons Generally death occurred from 21 to 48 hours fellowing the
appearance of the first vesicle The second tvpe of le 1on was
nodular and uhcutaneous occurring in 2o per cent of patients with
cutaneous lesion  Generally 1t was folloned by death 1n from 2 to
12 days The burns at this stage were covered by blush green pus
or by a black cru ted eschar Ps aeruginose could be cultured
from such areas An unusual feature of this tudy was the very high
d of p eud: m this hospital (29 of 172

burned children developed clnr.’lclcn tic cutineous lesions and of
the 25 who were cultured 22 had <epticemu due to Fs aeruginosa)

The meidence of septrcernin n adults was less No effectve therapy
was found although antbionies including polymyxin were admin

wstered 1 the u ual do ages

MENINGITIS

Menmingitis due to Ps aeruginosa 1s uncommon Neal * 3 1n 1935
reviewed 3178 cases of mentngitis occurring in New York between
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1910 and 192f <he found only 1 attnbuted to p eudomons

Tripolt m 1936 1" at Chanty Ho pital New Orlean~ reviewed 468
cases of bacterial menmgitis from 1925 to 1931 Of the e 1 were
due to pseudomonas and 3 were fatal Barron % 1n 1918 reviewed
the literature and found 39 ca es of meningitis 1n infants under 3
months of age Of 19 reported 1n the newborn only 1 of them was
caused by pseudomonts Pa tor and coworkers found only one
memngeal infection from peeud. 1s at the Plnladelphin General
Hospital between 1939 and 1919 More recently Snuth collected a
series of 409 patients with purulent memngitis at the Children

TaBLE 2 —Cumulatiee Data on Recorded Cases of I seudomonas ennytns

Total Primary Seconda y Unhnoun
Vortality Vortality Vortalsty
Author and date Mo (percent) Mo fpercent) Do (prrcent) Yo
E an 1936 39 67 17 4" 18 83 | 4
Kernan 1943 55 58 29 45 21 85 6
Stanley 1947 ki 68 41 55 30 86 0
Forkner 1957 250 4@ 144 39 4 66 12

Data throu,h 195

Ho-pital 1n Los Angeles Bacteria were olited from 316 cxes
and only 5 of these were pseudomonas Of the 5 patients 3 died ¥
Nevertheless p eudomonas 1s possibly the mo t common ciuse of
bacterial meningiis following lumbar puncture
Ehlers 1n 1890 first reported 15> due to Ps aerugs

however the cerebrospinal flurd was not cultured '* Kossell ™ m
1893 de cribed the first proved case an mnfant who e source of
infection was otiis medin and from who ¢ p11 and heart blood
pseudomonas was recosered 1n pure culture after death In 1936
Evans ! 3 reviewed the literature and collected 39 c1ses of which
99 were fatal (see TABLE 2} She considered 18 of her case 1o be
secondary to generalized imnfection and reported a mortality of
83 per cent In 1943 Rerman et al 3 assembled 55 ca es from the
Iiterature and added one of their own which had occurred following
pneumoencephalography A wash bottle used n the procedure wa
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found to be he <ource of contamination Of the 56 ca e 2} were
econdary to epliceria with a mortality of 85 per cent The over all
mortality from p~endomonas meningitis found by Stanley in 1917
m a review of 71 ca e~ was 68 per cent Of 41 primary ca es the
mortalily was 55 per cent of 30 econdary ca es the mortahty was
86 per cent The increa ing number of reported ca es {primary and
econdary J 1 1ffu trated in Ficure 7

PSEUDOMONAS MENINGITIS
Cumulotive Bar Groph of Reported Cases Through 1955

300
w200
w
»
<
il
w
o
© 100 [~
z
o

1890 1900 10 ‘20 30 40 50 &5
DATE (YEARS)

Fic 7—Th orapt Ilutates the n e sng numbe of potd ca s of
me ngt detoPsa g oosadus  thelat decade

Reported ca es of p eudomonas memngitis have u ually been
classified as ejther primary or secondary 1 ongin Unfortunately
the meanmmg of these term ha been ubject to mdnidual mter
pretation o that stat1 tical evaluation of cumulatise <eries hecomes
very difficult Primary 1 here defined to mean direct introduction

of the hacteria nto the central nervous sy tem  econdary hall
refer to h

Situations lving pos ible
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direct extenston of mfection such as ohitis medin ** or mastord

itis ? ® with ubcequent meningitis have been clas ified accordmg

to the chimcal features of the cice 1n question
Schlagenhaufer *™ 15 usually credited with describing the first
case of primary pseudomonts memngitis In 1911 he reported 5
cases developing after <pinal anesthesia The source of contamina
tion was a salme solution Three of the patients died Chanfiard wnd
Laroche ® 1n 1917 reported a ease following the intrathecal admm
1stration of tetanus antitoxin Other cases have been reported follow
ing wound of the head? ** 5¢ spinal wounds* infected spint
bifida ' pneumoencephalography ° 3 myelography with Panto
paque ° lammectomy ¢ burr holes ¢ radical mastordectomy
for hydrocephalu *#2 excision or

1 ureteral
"3 % and exploration for bram

rupture of menmgomyelocoele
tumor *1® The most common preceding event however 1s lumbar
*3 or therapeutic® 1%

puncture as a diagnostic ! * * # ane thetic
procedure A chronologic histing of reported primary cases 1s avail

able 1 TABLE 3
Tasre 3 —F nmary emngitis

Outcome
§ 3
s H
R -
futhors Yer o & 2 2 B marks
Schlagenhaufer $73 1911 A 5 3 “ Spural ane the 12 {contamuy
nated al ne)
1 oA 1 1 ITt tetanus antitoxn fol

Chauffard and
Laroche & lown,. football njury
1 Headwound Therapy own

Abadie and Laroche 1918 A 1
serum mje ted I

Patients 15 year and ove are] telas adult below 15 year cbldren and 1
year and under infants
1 Intratt ecal
Lumbar puncture
§ Intramu cular

{ Intravenous
+ Greptohima ~Strey todorna ¢
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Taste 3—Co 1 ued

0 tcome
= 3
T % ¢ ¢
{uthors Yeor & & & 2 R ma ks

Sonn neche n 0 ¥ A 11 LFP..

S hnoaders s w41 1 Spnal anethesra ued 3y
argochy me and ar >fla in

Levy nlCohn 2 A 1 1 LP T :act ated auto-
gen us Vlood serum  pimal
drainag

VI et L 1923 v 1 1 p algunhotwou d.Thr
apy adto_eno  vacc mes

Va han tal 31 A1 1?2 LP or septcema f m
ton_ I

Ghon 162 2 1 1 ) Inf cted p a bfid

Sh ew bury 1341 1 Sp al nethes  Therapy
repetd pinldran e

Bhn ar 93 A 1 1 Spnalan thesia

En FL v A 3 * 1 LP

b ah m 1937 1 1 LP

Berg 1933 1 1 LP IT et ated auto
£ ou bloo - um

Twa ake s d 1939 1 Pn umoencephalorr phy

Mot na

Weeand Ml er 1939 6 2 4 LP fcontanun ted m reury
manom tec) Therapy Sulfa
ndr peat d pin bdra a e

K manetal 37 w3 € 1 1 Pneumoencephalosr phy
(% hbrttle contaminated)
Therapy “ulf

B ater 1l and 19 Y M9 2 P oert b dwounl (2

Mon 4 f m comam ated pencil
Ln) The apy P ilbnanl
alfa

Eas FT 94 A 2 2 Sp lan thee (P h d

wound) ¢ ntam ated d
w1 war



24 PSEUDOMONAS AERUGINOSA INFECTIONS

Tavte 3 ~Continned

Qutcome
5 E
2 ]
St 3 ¢
Authors Year < 8§ 5 & R marks
Kremer 5+ 1915 A 4 1 3 2 spinal anesthema 2 con
tarmnated pemailin
Decourt et al #¢ 1945 1 1 Spinal ane thesa Th rapy
Sulfadiazine
Pulask and 1916 A 1 1 Stm am$avfandit
Mathewssss
Cairns et al 5¢ 1916 A 3 3 Bramn ab ce s from gun hot
wounds — Therapy Stm 1t
and n ventricle
Harnis et al 193 1916 24 % 1 1 Contammated  penicillin
2 1 1 ued to treat memin,oco cal
memngitis Therapy Pem
cillin sulfa draina
Cawthorne 1916 2 Spinal anesthesia
David on %t 1947 A 2 1 1 Spnal anesthesia Therapy
Sulfa
Merwarth et al s07 1947 A 1 1 Spinal anesthesia Therapy
Ientcilin sulfa
Medicolegal 303 30¢ 1947 A 4 3 1 “pinal ane thesia
Paine et al 336 1947 C 1 1 LI 2 spinal sur ery
I 1 3 eroion of menwn_ocele
1 1 Therapy Pemaillin  sulfa
treptomyctn
Yuyl teke 8 194 A 4 3 1 Spinal anesthe 1a Therapy
Sulfa
Keefer and Hewstt 33 1918 9 7 related to LP 2 from
cervical meningocele
Lewir and Vollum 77 1918 A 2 2 Head wound T! apy
Sulfa and streptomycin
Lewmn ¢ 198 A 3 3 Head wounds
M8 A 3 3 >pmal ane thesia Therapy

Wemstein 441

Sulfa pemcillin and str pto
mycin
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Tasex 3 - Continued

Qutcome
3 T
S - - =
Auth 13 Year & 5 X 2 R marks
N toentack 1949 3 Infe ted b d wewr ) Thr
ar f by Bt
Raikeanl v C 1 1 Theryv  { m M, Ha
Coomham t anl trept my n
Germer anl 1919 A 11 I'™ Threry tr ptomycn
N app1s
Tllent s 199 v 1 1 Heal wounl—7 month
uree —finally cured with
Sk D
B esgen * 9y v 1 1 “pi al netb 1z Therary
ten Nna
Neter et als o 1vwoe C 1 I Lam ne tomy Theray
Sulf an)] chl rtet acyel ne
G mes et al 177 190 A 1 1  Therapy Int a pinalpemcl
L ad teptomyein—re
Vpee—rpeat d wuh o 1
ulfa (no focu +
Hayesa 1Yow 2¢ 190 & 1 1 Spnal nesthesa fo appen
dectomy polymy n B st
alm
Debre et k.o Be I 3 2 1 Yemn lar pu ture for
byde ethalu 2 Antrotomy
fr mt Therapy st epto
my na ipenalln
Selllonetal s 191 A1 1 Sl nethena—6 re
Ve —Therapy  ira
trucular trept myc n
Reutter 353 91 A 1 1 Spi ban the The py
Sulfa
Tedell ant 181 A 1 1 Th apeste LP Th py
Paley * Sulf a d streptomyein
Busga d 950 F ) 1 Probably LP  (was beng
Brygoo$ tre ted for p eumo vee }

mening t )
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Tasie 3—~Continued

Qutcome
& =z
H ]
S £z ¢
Authors Year 2 0§ & £ Remarks
De ballets 17 JU SR U | 1 Spinal anesthe 1a Therapy
streptomycin
Tastor et al 337 ™ 24 2 2 Spinal anesthesia Therapy
1t streptomycm
Jawetz ® 1952 C 2 2 1 Following burr hole
2 Residual hydrocephalus
Therapy polymyxin 11
Gunsberg and 1952 A 1 1 Following radi al mastoidec
Hyman ! tomy — streptomycin  and
chlortetracyclire
hreitner ¥ 1922 A 1 1 Spinal ane thesia Therapy
Sulfa and streptomvein—4
relap es
Schmeiser ¥ + 1902 C 3 1 2 Following diano uic LPs
chloramphenicol 1t and po
Dikow ki et al 23 1952 1 1 1 Fallowin,, operation on men
ingocele Therapy neomycin
im
Knsoht et al ¢ 1922 A 1 1 Followine  laminectomy
Therapy SK-SD and neo
myem 1m and 1t
Troen and 952 A 1 1 Spinal anesthesia Th rapy
Dicapno ° Qeytetracycln
Yow 1952 3 No detail
Douha et al 105 1952 A 3 3 QOperations for meningocele
C and hydrocephalus
I
193 2% 2 2 Spinal snesthesia Therapy
Catler a0 d Chloramphemeal and oxy
Cutler tetracycline 1n one and trep
tomyein in the other
193 A 1 1 “pinal ane thena for hys

Reutter

terectomy
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Tasee 3—Continued

Outcome
s 5
< » - g
H H
Ao Year & § & = Remarks
Monnet an t 13 1 D gmowic and th rapentic
utMerm: ¢ 1P
Prette 3 7 193 I 1 1 Fallowing tmen ngo ureteral
anat most for hydroceph
alus Th fapy polymy mn—
3 relapees
S“mth CEG? 193 A 1 1 Folbwing LP tor skull
tract re} Therapy Chlo
mphenicol
Iy ool 191 C 1 1 Follw , exploastion fo
ependymotla toma  Ther
apy polymyzin L
B hland 194 A 5 3 2 Follow g CN> procedures
H mby ger > (3 spinal anesthe 1as 1 men
oc le 1 spinal treatment
The apy polymyxin B
Lo ell“mth 8 1958 € 1 1 Follwing mpound frac
tre n al o or LP
Ther py Polymysmn B st
Dlum g PSS B D | Follow g ruptu e of my lo-
cystocele
Mabille et al2 9> v 1 1 1m thalt ballt heal
my 1y Th rapy polymvxn
B tandim
Frey chmidz® ¢ 1955 A 1 1 oal ane they
Egtdad Vo v 1 1 Spnal ane theea Therapy
Olbagen oxyt tacyclnes a d poly
myr im adat
Bo dinet 1s3 o A 1 1 LP (  pn umoencephalo-
gram) Therapy  streptomy
w nd polymyxn
“toy 1c ani 1995 1

Voyvolic
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Meningeal mnfection 1n ~econdary cases 1s the recult of hemato
genous spread from a focus e] ewhere in the hody This may he
from locahized ahscesses ® stomatitis ¥ enterttis ¢ or followmg
ureteral instrumentatron *'* The prthway in infrnts 15 often vin the
umbilicus  Menmgitis may occur following wn utero infection®?
or arrcumesion  Reported cises of secondary p eudomonas menin
gitrs re chronologieally hited i TABLF 1

TaBLe 4—Secondary Memnguns

Outcome
& H
s § % §
Authors Yea :’ S 8 & Rema ks
Fhler 1% 1890 [ 2 1 1 Both had typhoid like eph
c cenua (brother and 1 ter)
Spinal flu § not cultured
Ko el 1894 I 1 1 Ottis media (pure culture
of Iseudomenas from ma
and heart blood)
Pestna and Honl 341 1894 A 1 1 Primary site unknown
Councilman et al 8t 1898 1 Mixed with Staphylococcus
anreus
101 A 1 1 tbortion followed by septi

Perkins 54¢
cemsa (P eudomonas
CSF* and Iner)

Berks ? 903 A 1 1 ? Pneumonta Pure cultures
from purulent meningeal

a1

Chrome otitis media

Horder v A 11

Rolly 558 W06 A 11 Abortion followed by eptt
cema  imural valve i
volved)

7 A 11 Pelvic ab ce s opened—te

25
Hubenet to septicenia and meningt
Benfey 1997 1 1 1 Infection of umbilicus
La mifouletalz® 1910 1 1 Typhotd ke septicemia

Cerebrospinal flusd
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TusLe 4 —Continuel

Outcome
s 2
$ g &
Authors v $ g £ E Remarks

F ae kel W2 A 1 1 Sept cem a—no ob ou fo
o

Gaeth en 1914 1 1 T breol us mnn s

Frae kel ¢ 191, 1 1 1 Choncort m ha

Ca el W 11 1 Entents epticem a

Dudien 40 2 ¢ 11 Sept emiz { fem  ddle
ean)

Neal 171 < 1

Khew and Koch 174 C 1 1 51 matit

Cham s ws 14 3 Piobably umb1 v —P eu
domona an meninge  and
 ncard un

Cah sudand 9% I 1 1 Infection of  mbil us (7

Pie frm amniot e Aod)—(hy
d o ephal s)

Led bam s 1930 A 1 1 N obvi u focu

Baum  ter © 1931 A 1 1 No obvio  foc

Be v 1 1 Septcema oms mda

Mever nd 193> 1 1 Obtal hee founf ern

P elin, ? 1 dv

Neh 6 ¢ 11 M stord 1

Rb tad 1837 1 1 1 Tul rcule  empyem witf

Cle e dary

Slut ky a d 1839 A 1 1 Sopueema wth focu n

Al tha roht hd ev—treated with
# "ter pha

Al 541 I 1 1 Infect n of umbilec
(mother hal eve P u
dno s entert)

Ko and LI S T Prolaf Iy umb | us

Hu t
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Meningeal mfection i <econdary cases 1s the result of hemato
genous spread from a focus el ewhere m the body This may be
from Jocalized absce «es® <tomatitis **° enteritis©® or following
ureteral instrumentation #1® The pathway 1n infants 1s often via the
umbilicu Meningitis mey oceur following i utero mnfection
or aircumersion  Reported cases of secondary p eudomonas menmn
gitis are chronologrenlly histed in TABLF +

TasLe 4—Secondary Memngns

QOutcome
5 T
s H
S § 3 @
Authors Yeor & 5 & & Remarks
Ehler 113 180 C 2 1 1 Motk had typhod ke ptt
c cemia (brother an! ter)

Spinal flu ! not cultured
Outs media {pure calture

Kossel 248
of P eudomonas from pia
and heart blood)

Pesmaand Honl3¢t 1894 A4 1 1 Primary site unknown

Councilman et al® 1898 1 Mixed wth Staphylococ 1
aureus

Perkins 440 1901 A 1 1 Abortion followed by sepn

cemia (P cudomon s

CSF  and lier)
? Pneumonta Pure cultures

1903 A 1 1

Berka 2
from purulent memngeal
for
1904 A 1 1 Chronic otitis medta

Horder 1+

Rolly t3 906 A 1 1 Aborton followed by e
e (muteal vale an
vol ed)

1907 A 1 1 Pel 1c ab ce s opened—!

Hubener %
to septecem a and menmgin
Bentey 907 11 1 Infection of umbilica
Typhoid 1 ke septicemra

Lagnffoul eal? ® 1910 1

* Cerebro pinal flud
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Taste 4—Co 1t ued

Ouwtcom
H T
2 T
< T - &
Tk ¢
Authors Yar F & :"—’ & Rema s
Fr enkel # B v 11 ] pticemia—no ob tous f»
<
Caethgen o1 11 Tubercul us m minpin
Fraenke] 14 917 1 1 1 Chronc ott m ha
Can i w1 1 1 Ent a1 seticerma
D dden © 192 ¢ 1 1 Septicem t from miille
ear)
Neal m ¢ 1
Khewz N ¢k 1928 C 1 1 Stomt1
Chanw Wt 3 3 Pr bably wmbie s e
fmona n wmemn s a i
pe ea dum
GCau b raud and 98 1 1 1 Infecion  { wmb} u ¢
P dm from ams otic fl i 1)—(hy
& ocephalu )
Led hmwm 1930 A 1 1 N obu foc
Baume ter 1931 1 1 ™o ob jous foc
Bert M ¢ 11 Sept mia oth media
Moyer nd m 1 1 O talat ce from{ e n
R elng bady
N A e ¢o1 1 Mo A
Rinal w41 1 Tut re lou emjyema wth
Teleey eco dary mfe tia
Slut ky on § Wi o411 “ept ema with fou in
Mart sht kil ey—tre t d wth
b ter pha
Alin 91 1 1 1 Infeets n of vablew
\moth r had ree Pen
'mns entenn )
Krau 2 | U U S T | Prillyomial o

Hunt r
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30
TasLe 4 —Continzed
Qutcome
g I
2 5
T 8z ¢
Authors Year o & 2 & Remarhs
Moragues and 1983 4 1 1 Infection of urinary tract
Anderson 13
A ulmk 96 1 1 1 CGreum 1100 Treated with
ulfa pemeillin and spinal
drainace
Stanley 424 ™ ¢ 1 1 Septicemia  treated  with
treptomycin
Keefer anI 1948 2 Secondary to epticemia
Hewatt 33
“chaffer and 918 1 2 2 “epticemia from appendix
Oppenheimer 3 ©
Hirdeld etal ¢ 918 1 2 2 Therapy LT Therapy “ul
fathiazol
Vikhicky ¢ 0 1948 11 Hepatic ab es or ey s
Debre and 1999 I 4 3 1 Sepucenma from 1nte unal
Moznconacer 94 tract—Therajy  streptomy
anim and 1t
Appelbaum et al 1949 4 2 2 Introducel dunn, 1t pem
allia for | neumococcal men
neaitis
Zimmermann 4 1949 4 4 9 Jove gastronte tnal and
2 rhunopharyngites — Ther
apy pemeall  sulfa and
treptomycin
Glanzmann * 4 1950 € 1 1 Unknown foeu Therapy
1t penclln and strepto
myemn
90 A 3 3 2 after encephalo raphy 1

Lodenkamper and
Schiersmann ©

after suboceipital puncture
Treated with autovaccme
sulfonamides  spinal tap
Blood transfuton 1 had
con ale cent serum 1t
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Tapie 4—Co t ued
Qutc me
& ~
g 5
[C H
e = &
tn s Y & 3 2 % Remarhs
1 s0me 190 & 1 1 Follow: =alorti n {LP not
exct 4 &) The apy treyto
yem ani ulf
Fa ¢ka and wo C 1 1 Focs nte tin 1t get
Nkod mu z Therapy pencilln strepto
myem 1t
Coco et | ve I 1 1 Septema ( GI tat)
Therapy penclhin  trep
t myen
Tomln * w1 A 1 1 Septcema follown u te
1 ntunentato —Ther
apy polymy nB 1t
Luj dBrvo 1 I 1 1 Umbilicus
€ober nd 195°
Hyman
Werhe 92 € 1 1 Blt almatodt trard
w th sfreptomycin after pem
Wnf led
ind et 1 195 1 11 Hemato enou from ab
es
D uha tal 952 1 1 1 Septema (? fom thgh
abe )
L nzan o and 953 C 1 1 Lap tomy fo appendec
Mold tomy 7 te tin 11 act Ther
apy polymysnB (7 LP)
Peter  etal 13 C 1 1 Ocurdlmothaft pe
fo ated append Th apy
o yleiracyclne 3v and 1t
Ma aiDtn ¥3 11 1 7 Hemtoevou (LP nt

g

excl ded) Ther py  poly
myxaB
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Jo
TasLe 4 —Conttnued
Qutiome
H 2
s H
S 2oy @
Authors Y oar < 3 £ £ Remarl 5
Moravues and 1983 A 1 1 Infection of urinary ira 1
AnJerson ¢
Awulmk 2 1916 1 1 1 Curcumersion Treated with
sulfa penteillin and  pinal
drana ¢

Stanley + 4 194 € 1 1 Septicerma  treated  with
treptomycin

Keefer and 1918 2 S condary to epticemia

Hewite 33

 haffer and 1918 1 2 2 ~epticemia from apj endix

Oppenheimer ? >

Hirzleld et al 2°¢ 1918 1 2 2 Therapy L1 Therary “u)
fathiazol

Viklicky ¢ ¢ 1918 1 1 Heyatic ab ces or cystitis

Debre and 1999 I 4 3 1 S jucemia from intest nal

Mozziconacer * tract—Thera)y  strer tomy
ap1m and it

Appelbaum et al 8 1919 4 2 2 Introluc 1 dunn it pem
wullin for § neumococeal m o
netis

Zimmermann ¢¢ 1949 4 4 2 1 wer ga trointe tinal and
2 rhinog haryngitis — Ther
apy pemellin  ulfa and
treg tomyain

Clanzmann 7 190 € 1 1 Unknown focu Therapy
1t pemaillin and strepte
myein

90 A 3 3 2 after encephalo raphy 1

Lodenhamper and
Seluer mann *

after u¥oceirtal puneture
Treated with  autovaccine
ulfonarmides  epinal tape
Blool tran fuon 1 had
<on ale cent  rum at
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ol

demed from sensitivity <tudies on hactenial cultures
3 often of critical ymportance n pre cribing therapy Teradts ™
reported the identification of Ps aeruginosa cultures by usmg
ultrasolet hight to demonsirate the fluorescent preensh yellow pg
ment This technic has been used 1 the diagnostic evaluatson of
spinal fusd

The characteristic relipsing cour £ of p eudomonas menngiti
may be explaned by the nuemie changes i the centrsd nervous
system Fibrn may be depo wed n the subarichnowd space  the
wnfected ecerebrospinal fiid muy be toculated by adhe 1ony These
collection  re 1 tant to therapy may remwun for long penods of
time before releasing therr contents e the arculating spanal fluxd
Rremer * report that so fong s the conditson ¢ confined mamly
to llxe spnl eanal the ar:sclmoldxm 15 not lihely to cau ¢ <enou

honeser 1f infe anvolves the brasm adheston

may obstruet the flow of cerebro pmal flnd cavsing hvdrocephatu
He atirthuted nigadity of the back to wntation of pinal roots from
fibninopurulent cuffing of the nenve roots

At necropwy the bram m p eudomonas menintt ™ covered to
some extent by 2 greenish yellow exudate Typiedl tu tologic finding
of the meninges e iy trated 1 Frours ”

Prier to the dt covery of sul des p end

wa treated by pinal dramage ™ or by autogenous viccine adoun
wtered mtrathecally * In general the results of theryny were poor

however some patients recorered ' 1 Temcdhn and <ulfon
amides had no apparent effect on the mortahty statisties Harrs and
o workers % 10 1946 res tewed the results of the u e of sulfonamides
and pemadlin 1 this di ease and found that of 21 patents treated
with these drugs 15 {72 per cents ched For several vewrs case
reports of miny witers atte t to the populanty of treptomycn *
PAOTRE AN 4 R erg tesn ind Perna summanized four recoy

enes amon, mne patients treated with treptomycesn *** At that time

Athouglh certam d: advantage were tpparent 4+ combination of
1 1

and trep wan lered the therapy of chowce
1 myection of streptomyan was frequenthy 1 oerated with
an mereaced number of cells 1 the cerebro-pmal fliid 1nd exees

1 +
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TaeLe 4 —Continued

Outcome
3 -
H E
] w 2
y ¥ T €
Authors Year ¥ 8 F & Remarks
Heinecker 198 1953 C 1 1 Unknown focus—treated
with chlortetracychine and
frequent L P s—air 1ntro-
duced
Widerman 443 193 I 1 1 Upper respiratory infection
—died 12 hours after adm
100
Chirer © 93 I 11 Inte tinal trace (? LP}
Therapy  chloramphenicol
ulfa and pentailbm
Jans en? s 193 1 11 Therapy  chlortetracychne
polymyxin B and streptomy
enam and 1t
Hoffman 208 %t 11 1 ? Congemtal mfection
Smith R T3 195 I 1 1 septicerua oxytetracycline
and chloramphenicol
Jone R F M 9 v\ 1 1 Chrome otorrh a and suf
puratve otity med a Ther

apy polymyzn B 1t and
"

Climical sign  of pseudomonas menmgitis usually appear within
21 to 48 hours after seeding but may be delryed The onset 15 ripid
with nuchal rigidity and 2 high spiking fever Polymorphonuclear
leukocytosts 15 common 1 the spinal flmd Charactenistically the
spmal flmd 1 cloudy and contains increased albumin and fibrin
and decreased sugar Commonly few or no bacteria are een on
<mears of the spmil flmd The di ease may either termmate rapidiy
wath cure or re ult in ripid death of the patient Trequently how
ever a chronic indolent apparently low grade mfection will super
vene which 1> resistant to many or all antibiotic gent Apparent
cure 15 © ten followed anywhere from days to month by relap e
which may recur many time 1n the 1h ence of appropniate therapy
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snely large indinzdual do &> were known to have caned enous
reactions * 1

Tillet % 1 1919 desensbed the suceessful use of enzymes 1n the

of due to p eud SKSD (15 000 umsts

treptohanase and 3750 unste of «treptoderna e) was mjected in
trathecally st two day mtenal In one patient memngatia which
tad been refractory 1o trentment with sulfonamide  chlortetry
eyeline ehloramphenscol and treptomyern for <even month
ponded quichly The 1 e v confu ed howeter since satrathecal
and miramu cular neomycin was gnen concorrently Amzhtetal *
in 1952 al o reported the sueee ful uee of intrathecal SKSD sn
conjunchion with neomyein 1 1 ¢1 e of p eudomona memngiti
whieh had followed laminectomsy

Oceasionl favoratte reports followed the u ¢ of chfodetracye
line?® 4 t yehne and chioram
phemeel  and chi pib ! alone iy A b of chlor
tetracychne 1nd streptomyemn wa u ed veee fully ¥ 1 one case

A number of factors may m part be re ponsibide for the merer e
m number  of reported €3 e dunng the Ia t few years (FlLRE )
Among the e are the adient of antibioties with the tendeney to
report only sucee ful therapy the wneres ing number of medical au
thors and journaly and wn meeea ing warene  of and interest
the diserse The more frequent use of lumbar puncture for psnal
ane thesta as well for other diagno tic and therapeutic procedures
1s niot the only factos since the incidence of econdary 7 welt a
primary memngitis ha nerea ed

Through the year 1% at lea 1 230 rave of p eudomont menn
#Zitis have heen relerred to n the biterature about 60 per cent of
these are considered primary The remamng ca e 1re considered
secondary to & septie fovu el enhere m the Lody Of the 111 ot
mary cwes 39 per cent were {atal of the 71 econdary cave 66
pee cent were fat9] The over all mortality t1te 15 £0 pex cent Thy
miormation 1 illustrted 1 Tamy 2 Although the madence of
memngtiis would appear to be ieret g the mortality for hoth
prumary nd econdary rases 5 decreasing

At the Clinscal Center 6 ¢4 #» of memingitis secondary 1o peen
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Pneumothorat suddenly oecurred and empyemy deseloped On
dramage of the pleural space p eudomonas was eultured from the
exudate Stenhity of the lesions and chmeal cure followed repeated
Mood tran fustons wmd Yoeal wnd mtrimy enbir therapy with pem
eithn and streptonryesn In 1 enew of 37 patients with p eudomonas
wfection  Yow* histed 5 with prrenchymal pulmonary infection
wnd L others with empyema Al these ca s developed during or
following treatment with antihiotics Firket wnd Douhn ™ deseribed
1 adults with pseudomonis snfectson ta the pleural cavity In only
ane of the € wrs there no previous history of mstrumentation
thmu"h the pleura Other cises hive heen reported ™ 19 363
frequently been reposted! 7 W 21 %W
T 91330 WM 444 | case from our own files 1= that
of HR with chronc lymphorytic leukemia who had recened
srradiation and who was beng trented with adrenal cortieat sterord
compounds  She deseloped & chromic productne cough accom
pamed by fever and chlls Ps aeruginosa was cultured from the
nose throat <putum and urme On vray an mfilirate was ceen m
the night upper lobe For two montke her sough persisted as did
the peeudomonas in her sputum She recened ntensne treatment
with p 11 des and polymyxn B She
de\e}oped wnasarea md p)eural effustons bhecame dworsented and
ded The necrapsy findings meluded <eptic thromboss of a pul
monyty artery and vemn 1n the lower lobe of the left lung septie
thrombn and emboh wnd nfircts in the bram thvred gland heart
tungs and kidneys {(FICURE 9
There have been everal reports of fibrocystie di ease of the
paneres assonated with pseudomonas infecton of the Jung Garrard
et 217 ® ohseried 4 eonsecutive patsents with pancreahc (’hmsxs m

o3

whom p ead 15 was the preds
i the respiratory tract ARl had recenved pru]anged antipmerobi
therapy One had supy brosichates and brone} with

multiple pulmonary absces es from which preudomonas was grown
m pure culture Another had suppuratne bronchitis with purlent
wioerd  ecrebions forming & cast of the bronchual tree  from this
p eudomonay was obtamed m pure culture A $hurd had acute and
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domonas septicemy were diagno ed over 1 three year period from
1954 to 1957 All of the e patients had leukerma Defimitive diag
noses m most cases were made only at autopsy becau e of <hort
survival times and overwhelming <epticerma

RESPIRATORY INFECTION

Pulmonary lesions like cutaneous or mengeal lesions may be
primary or secondary 1t origin 1nd the evidence for one or the
other 1s not always conclustve The respiratory tree seems seldom
to be the portal of entry convincing reports of primary pulmonary
infections are not common Meltzer ** was able to produce hroncho
pneamema m dogs by msufflation of suspension of Ps aeruginosa
Once e tabh hed respiratory infechions with pseudomonas are often
fata] 73 109 191 $30 571 318494 fnfectiony 1 <ome patrents may be pro
longed and may re pond to varous forms of therapy * "1 17 ¢
There 15 little doubt that the u e of antibiotics has been 2 factor
i the establishment of some of these infection 8 301 440 460

Pulmonary ab caused by pseud may he single or
multiple Robitzek 3% 1 1946 reported a 5 month old infant with
severe paroxysmal cough and fever for two months he hecime
critically 1ll with eyanosts and dyspnea Treatment was mnstituted
with sulfonamides and pemcilin Numerous gram negatnve baaill
were een n the putum The pneumomtis <pread to the nght upper
lobe and the infant died At qutopsy the trachea and bronchi were
filled with purulent mucus Numerous firm gray hemorrhagic
patche 15to 3 em m drameter were m all lobe In the left upper
lobe there was an urregular 5 by 7 em cauty with a smooth gray
membranous hmng This contained gelatinous materral from whieh
sa was cultured The authors considered this infection

Ps aerugino:
to have been of primary pulmonary origin
P endomonas empyemn and pleuritis hwve been ob erved Clanz
0 reported a 3 and one hilf month old 1nfant with
rhimopharyngiti and fever The abdomen became tender and di
tended and mtu u ceplion was su pected A bloody mucous en
terin developed and p endomonts was cultured from the toof

mann® * m 195
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old male by Raim 1n 19553 The patient was dy pneic had enlarged
tonsil  and rapidly developed tridor cyano 1 and uncon ctou

ne The epglottis wa large red edematou and contamed 2 cen
tral elevated yellowssh aret which wa open and druming 1 eu
domonas was cultured from thi and uneventful recovery followed
therapy with furadantin

GASTROENTERITIS

Lestons of the ga tromte tinal tract due to Ps aeruginosa are
similar 1n hn tologie appearance to tho e oh erved 1n other parts of
the body they may an e from witlun the mtestinal tract or by
way of the blood stream Experimentally <irradiated mice are
known to die with overwhelmmng spontneou sep due to
p eudomonas and other gram negative bactersa normally found 1n
their intestines ' 3 The feeding of broth cultures of orgam m~ ' ”
or of mucin to wradiated mice increa es the mortality A mmular al
teration of host bactena relation hip m man s sugge ted by the oc
currence without evident portals of entry of septicernua due to p eu
demonas and other nte tinal flora in deliitated patients

There has been rauch peculation regarding the possible cau.a
tive role of p eudomonas in eprdemic dsarrheas of the newborn The
orgamsm 1s found ufficiently often in the tools of asymptomatic
per ons to make evaluation of th difficult In adults pseudomonas
enterstt has been confu ed with typhoud fever and 1 more fre
quently observed 1n the tropte 3" Bloody duarrhea *** 1s the common
initial and persistent symptom  Fever vomiting dehydration  kin
rashes and jaundsce are noted frequently

Ep tem and G 2 have d the I to 1933
mentioning the early cases and epid of enteric d
infection M 57 P 109 11 164147 3 45 3m 43 4

Ensign  and
Hunter ** 1n 1916 reported an epidemic of diarthea 1n 24 newborn
mnfants 1n which there were mine deaths Of these infants 18 con
tracted the disea ¢ mn a nur ery All 9 infant who were studied

] lly had p eud 1 therr stools Symptoms m
order of frequency were diarthea vomiting dehydration cyanosis
collap e pain and fever Treatment consisted of transfusions par
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chronic bronchitis  bronel w15 and hronchioy Other

cses of thi- nature have been reported ¥ 1% 13t 1

Infection with preudomonas may be mamife t 2 hronchitis
O Brien **" 1n 1950 described 1 10 week old boy admutted with
productive cough Ius illne s was diagnosed 15 pseudomonas tra
chetbis and bronchitis He died in esght weeks in spite of treatment
with sulfonamdes and penicillin At qutopsy bronchitis and pneu
moni1 were found Ps aeruginosa was obtamed mn pure culture
One year later a sister of the first patrent developed pertussis at
6 weeks of age The sputum was positine for Ps aeruginosa Treat
ment with sulf 1 treptomycin nd polymyxin A
was unsucces ful and she dxed at the age of 9 and one half months
Other patients with bronchitis due to Ps aeruginosa have been
reported 7 '3 17 313 363 Perpygis like syndromes 1lso have been
nﬂled 109 361

Infection of the lungs due to Ps aeruginosa may give nse to
asthma like symptoms which are a result of increased <ecretions
edema and bronchospasm Jawelz © reported 1 51 year old patrent
with a history of a thma who had received large doses of antibrotics
A Caldwell Luc procedure had been done for relief of pseudomonas
sinusitis  The pattent had purulent sputum post nasal dramnage
wheezes and rales m the lungs Cultures of the sinuses and sputum
yielded predommantly Ps aeruginosa After a week of treatment
with intramuscular polymy«in there ws improvement 1n asthmatic
symptoms sputum cultures becime sterile Fem' reported a 7
year old girl who over a period of three months had recerved pen
cillin chlortetracychne oxytetracychine and streptomycimn for bron
chial asthma Because of continued wheezing and croupy cough the
patient was admtted for broncho copy P eudomonas was seen on
mears of the bronchial aspirate and w1s grown mn pure culture
from the ame specimen culture of the sputum had been negaine
with chl ph ol and polymyxin B re

Sub equent
<ulted 1n complete relief from asthmn

Uleers of the larynx trachea or other upper re piratory struc
e< due to Ps aerugmosa have heen reported 7 % 3% Aeyte

tur
due to p eudomonas was reported in a 12 year

epglotiic abwcess
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enteral funds pemailin sulfonamides and methviene hive The
ource of contyminabion w1 an nfected iz which had heen
dnpping mto pa teunized milk At a dury  Schafler and Oppen
tetmer 2 2 in 194 reported  nfants with  evere entenitis due to
p eudomonas One patient had gngrenous nppendieits  and ancther
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Fic 12 —Append x an ¢ cum Acute append 1 due to | e ug osa

multiple perforations of the intestine Other complications ncluded
teus dehvdration 1cidosts leukopema and hypoplisia of the hone
marrow Only a single nfant treated with streptomycin survived
Walker * 1 1952 reported 3 infants with diarthea vomiting and
ferer all of whom had p eudomonas cultured from their <tacls Clin
1cal ymprovement and negative tool cultures followed treatment with
polymyxin 3 m 2 case The third patient died with sepicemia
cyano 15 nd jaundice developed 12 hours after polymvain was
started Post mortem cultures of the staols were negative for pseu
domonas
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3l

¥
Fie 10—(abore) E ten ¢ ulcerats e anl hemorrhagic colitis

Fic 11—(below) Ganerenou e oph giis Muxed Ca dida afh cans and 15

a rugnosa mfection
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pital day At autopsy n the ileum cecum and colon were many
small ulcers characterized by rolled borders undermined edges
and Iittle mflymmatory rerction Cram negative rod shaped hactenin
were found 1n abundance At the ulcer rgins and pure cultures of
pseudomonnas were obtaned from the le 1on The wall of the ileum
was greatly thichened g1s bubbles were present between the muco a
and mu culir wall The pathologic diigno 15 was preumatosts ev

todes inte tinalis Holgate ™ 1 1951 de cribed A 13 year old female
who way ho pitalized with fever drwwrhea and abdominal pain
Chlorampk I was ad ed A rosespot ligltly rused
rah was noticed hortly before he lap ed into uncon crousne

She nas thought to have typhoid fever and died on the <ixteenth day
Blood cultures were negative but tool cultures contained 2 heavy
growth of p eudomona  Mlls and Ragwn ' ge oral polymyxin
B to ambulatory symptomatic 1nd asymptomatic mdividuals who
were di covered to harbor p endomonas in the inte tinal trac(

Other related reports are availible 31 ¢ 74 85 106 1383 287 M
B

The 1ncidence of gastromte tinal di ea ¢ has Leen lower in our
patients than in <everal other reported eries However one patient
had exten ne ulceratine and hemorrhagic colitis (FiGLrr 10)
another had gangrenous e ophagitis (Mixed Candida albicans and
I's aeruginosa FIGURE 11} A thurd patient had appendicitis cau ed
by Ps aeruginosa (FIGURFs 12 and 13)

GENITOURINARY TRACT

Data compiled from everal ources® ™ 3 indicite that Ps
aeruginosa 1 te pon 1ble for about 5 per cent of urimary tract
fections Under certain conditions (a virulent res: tant tran and a
debilitated  u ceptible ho t} infection may rapidly lead to fatal
epticemia I'requently however 1sin many ¢c1e of prmary pseu
domonas meningitis 1t 15 the phy 111 who unwittingly mtroduces
the infection by sn trumental or operative maneuvers The catheter
chill 4 phenomenon frequently noted after minor operative manip
ulation of the urmry traet has been a <ociated with the mtroduc
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Ceppert and co worhers ' cited the c<e of 1 1 year old gul who
was hospitalized with 1 history of diarrhea for two month She Itrd
been recerving pemiciilin for two weeks prior to admi 10n I’ eu
domonas was the predommnant orgamsm cultured from her stools
She was febnle dehydrated marasmic and died on the fourth hos
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Frc 13 —Append citis due to Ps aeruginosa



CLINICAL MANIFESTATIONS OF INFECTION 45

eme 11 She w1 lethargic but there were no loctlizing neurologic
sign The uh equent cour e 1 1llu trated n FilcuPE 11 Ps aeruge
nosa nd E colt were cultured from the blood and une Antihiotic
were continued and blood cultures were negative after five day

Wanshren ! tuched 20 patients with 31 bacteremits due to gram
negative organi ms 5 were due to p endomonas and the gemtourt
nary tract was con 1dered the portal of entry 1n 4 of these Martin ™
1n 1954 reported 10 cases of bacteremia due to Ps geruginosa In
7 the portal of entry wa the genitounnary tract In 5 of the e an
operative procedure on the gemtourinary tract preceded the bac
teremia Koch ** reported 50 ca es of hacteremia due to gram
negative bacteria Over half the cases arose n the urmary tract
The operative procedure most frequently followed by bacterema
was transurethral prostatic re ection Of the 6 p endomonas bac
teremias 5 were preceded by instrumentatron Of the si1x patients
3 died associated findings included cystopyelonephnitis abscess of
the ladney and pneumonia Spittel et al reported 12 cases of bac
tererna due to Ps aeruginosa treated at the Mayo Clinie *** Sic
of these oniginated 1n the gemtourmary tract 5 after cvstoscopy and
1 following uretero tomy In 5 the portal of entry was unknown

Although ascending infections are u ually limited to the urinary
bladder Stanley *** repotled a paraple-vlc debilitated 52 year old
female who develop phritrs and died with
p eudomonas sepncerma Smular u\:ea have been described ' ¥
Reports of infection of the pro tate and epididym  have been pub
hshed @1 % 73337 Orcluny has been cau ed by pseudo
mona> " 3 ' Fatal menmgitis due to Ps aeruginosa has followed
crrcumension complicated by infection

Keefer and Hewitt * 1 1948 accumulated report on 61 cises
of acute nfection of the urinary tract in which Ps aeruginosa was
wolated as a single etiologic agent The primary chmical diagnoses
were periephritic abscess (2 cases) kidney abscess (1 case) acute
cystitts (16 ca es) pyonephrosis (2 cases| and acute nfection of
the urmary tract (28 ca es} In 5 ea es caleuli were present 6 pa
tients had 2 cord bladder and 12 patients had ob truction of
the lower urimary tract In 7 per cent bactererma was present prior
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tion inito the bloodstream of Iving bacteria A small but sigmficant
proportion of these nfections are caused by p eudomonas

Of 23 reported ca es of pseudomonas septicema occurring at the
Clinical Center ™*° the sole survivor was a 54 year old female (E L)

PATIENT E L
CARCINOMA CERVIX

iorze/69_torzo] tor3i | il | wz | w3 |

3s |-
TEMP

Cotheter Removed

36 5
Oxytetracyel neny, ooty
F——— tetgexcine

d
B8P |154/94 | s52/30] 90/60 | 100760 | 100768 | 110s84
s & ] if

3 NEG
BLOOO | gt | Ecot | Ecal *
Ps
URINE E cot Ps

Fic 14 —Febrile e pon ¢ to P eud monas septicemia followin,, anjury to lower
urinary tract
who was treated for carcinoma of the cervix by antertor pelvic ex
nteration and mmplantation of the ureters mnto an ileo tomy Her
recovery was uneventful until three neeks after operation when Ps
aerugunosa was cultured from the ureter One month later a ureteral
catheter was remosed with some bleedmg from the ureteral maca
There followed 1n 1 few hours 1 udden shaking chill mnd fever to
105 C Her blood pre ure dropped from normal ranges to 52 mm

Hg sy tohe over 30 mm Hg dixtolic There was ome bloody
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eme 1 She wa lethirgic but there were no localizing neurolo e
1gns The ub equent cour e 1 1llu trated i Fictar 11 Ps aerugt
nosaand F colt were cultured from the blood and urine Antihiotics
were continued and blood cultures were negitie after five day

Wai bren ! studied 29 patients with 31 bacteremit due to gram
negative orgamisms 5 were due to p eudomona  and the gemtoun
nary tract was con 1dered the portal of entry 1 4 of the e Martin *
1n 1954 reported 10 cases of | due to Ps Tn
7 the portal of entry was the gemtournary tract In 5 of the e an
operatne procedure on the genitourinary tract preceded the bac
teremia hoch ** reported 50 ca e of bactererma due to gram
negatnne bacteria Qhver half the ca es aro € 1 the urmnary tract
The operative procedure most frequently followed by bacteremia
was transurethral pro tatic resection Of the 6 pseudomona bac
terema 5 were preceded by instrumentation Of the six patients
3 died as ociated findings included ¢y topyelonephriti  abscess of
the kidney and pneumonia Spattel et al reported 12 cases of bac
teremia due to Ps aeruginosa treated at the Mayo Clime ' Six
of these onginated 1n the gemtourinary tract 5 after ev toscopy and
1 following uretero tomy In 5 the portal of entry w1s unknown

Although a cending mfectron are usnally hmited to the urinary
bladder Stanley ** reponed a p:lraplegm debilitated 52 year old
female who developed g hritis and died with
pseudomonas epticerma Strmilar cases have been described 3
Reports of infection of the prostate and epididymis have been pub
hehed ' 1M 9 3 QOrchits has been caused by p eudo
mona * % Fatal meningitis due to Ps aeruginosa has followed
areumeision comphcated by infection

Keefer and Hewntt ** 1n 1948 accumulated reports on 61 ca e
of acute infection of the urinary tract i which Ps aeruginosa was
1solated as a single etiologic agent The primary chimcal diagno e
were permephritic abscess (2 ca es) kidney abscess (1 ca e) acute
cystitis {16 cases) pyonephrosis (2 cases) and acute mfection of
the uninary tract (28 ca es) In 5 cases caleuh were present 6 pa
vents had a cord bladder and 12 patents had obstruction of
the lower uninary tract In 7 per cent bacteremia was present prior
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to treatment Bacteriologic cure with streptomycin was obtamed m
30 patients (49 per cent) Pseudomonas bacteremia was present
m 3 of the 5 fat1l cases and uremia was 7 feature i all fatal cases
Pseudomonas was 1ssociated with £ colt (11 ca es) A aerogenes
(9 cases}, and various gram positive orgam ms (9 ¢ es) P endo
monas w1s the euologic agent 1 74 chronic urinary tract mfections
chronic cystihis (8 cases) subacute ¢y tis (2 cises), hydroneph
rosi> (1 case} chronie pyelonephntis (25 cases , <ub pyelone
phritis (11 cases} pyonephrosts (3 cases) chronic infection of the
urinary tract (24 c1ses) Urinary calculr were pre ent 1 12 cases
Bacteriologic cure wn obtamed with streptomycin 1n 31 patient
(42 per cent) There was one death Pseudomonas was associated
with gram negative orgnisms 1n 26 cases with gram posttne organ
1sms mm 6 cases and with combined gram negative and grampo !
trve organi ms in 8 cases

Carroll and co workers ¢ using streptomycin treated 39 patients

-
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Fic 15 —Colony of Ps aerug nose renal glomerulus Hematoxylin coun (x400)
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with infections of the urinary tract due to Fs aeruginosa and ob
tamed satisfactory results m ca es where i vitro te ting demon
strated rea onahle <u ceptibility Systemic tovic svmptoms chills
fever and frequency and urgency of urmation were common
Uleers of the bladder were ob erved and large peces of veucal
membrane occasionally <loughed into the unne According to the
authors p eudomonas orgam ms have the capacity to ncrea e the
alkalinity of the urme which may contribute to a sensation of burn
ing on unnation and lead to the formation of precipitates and en
crustations Such encru tations may cover the bladder wall and
partially or completely block mduwelling catheters
As 1n the case of epidemic diarrheas p endomonas may pread
rapdly through 1 urological ward Pyrah and coworkers®'* de
cribed an outhrek m a ward devoted largely 1o the treatment of
pro tasm The epidemic was finally terminated by adopting a
closed system of dranage of the bladder and by using better techme
of sterihzation
Histopathologic lestons of the hidneys have been noted 1n three
of our patients F1curr 15 shows a p eudomonas colony residing in
a renal glomerulus Tlns lesion presumably was the con equence of
epticemia

PSEUDOMONAS INFECTIONS ASSOCIATED
WITH PREGNANCY

In TABLE 5 are hsted chronologically the reported 1 es of puer
peral and/or congenita] generalized infections due to Ps aeruginosa

TABLE o —A Cheonolog ¢ Listin of Rep ried Case of P erpe ! a dio
Co g mial Pse domo as I fect on

Charrin v Aca o of puerg eral infect on
1889

Perkin 2ca  age 21and  year The first hal nfec
1901

1 n follow ng & ptic 2 d 1n omplete abortion a d
d laftera7w kill es P ae gnosa was cul
t red jrom uterine exudates 3 d from pnal flud
The cecond had ch 1l and fever after d 1 ery and
d 46 week postpa tum w th purulent end metritis
and lun, sbcese Ps arug osa was cult red
f mite aea
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Task 5 —Connnyed

Walthard 435
1904

Rolly s63
1906

Delmotte ®
1910

Saifer
1978

€ aucheraud and Pigean! @
1928

Allin ¢
1941

Krau an!Hanter 3
1941

Reefer an i Hewitt 32
1940

obhu an | Rhairat 3%
1988

A 3> year old multipara with ¢hills and fever 3 day
postpartum P endomonas was cultured fram the
lochia along with other organssms The pat nt se
covered

Following a septic and 1ncomplete abortion P eudo
monas was cultured from the patients blool anl
spinal fluid “She died on the 11th day P eodomonas
was cultured from the heart valves and mot of
the | ody organs

An 18 year old primipara was febrile 2 days after
pontaneou deli ery P eudomonas wa cultured
from the lochia but blood cultures were ne atwve
The patient recovered

A 31 year old multipara with pain fever and chills
following 1ncomplete septtc abortion wa mduced
and the proluct of a 2 menth ge tation reco ered
P cudomonas was cultured from the Ilood ani
placenta She reco ered

The mother had eptic en lometritis at delivery but
recovered 1n 10 days 4 days after delivery the in
fant de eloped memn_ttis and hydrocephalus P eu
domona wa culture ! from the ventricular aspirate
and the infant died on the 3,1k day (? contamunate [
pinal tap)

A 27 year old patient hal f er vomuting anl
harrhea during deh ery of a premature 1nfant (3%
week ) P eudomonas was cultu el from the moth
e stool Shereco ered anl was di char.e! after a
Imonthill ¢ On the Sth day the infant develop !
red macular area © e the body and died with
P eudorrona menmgity

The jatient Fal enterits the day Fefore an i ch 1l
durin. del ery Stool were yoatn  for I eulo
mo a The infant d ed 20 hours Jater w 1} cyano ©
dy pnea leukoy m and a mac lar ra b Cilture
of the infant's bloo] pleen ple ral exu late an!
Yran ex date we e joutve fo 1 ulomdna

No ¢l meal detas] The jati nt {ed

A28 yearolljat ntal rtels tte3rlna thof
get onafiera? layf ot Clr  ef 11 1
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TasLr 5 —Contt uel

it
1949

N coraand S nna

1957

Hoflv n
194

Kot 7

1955

Stough
195¢

d Shinner 1

urm ttool and cer 1% were po tie {1 [ cudo
nana Sed d33 days dater Patm ot m cultures
from the per cardial flu 1 and lun 5 were po tne
for P ulomonas and E coh

A 28 year old jomipara was iduc d 10 the Tth
month 1§ p egnancy becau e of pre eclamptic fox
emia She wa lelver d of a ullb ra female and
s male who ded in o3 hour P eudomona was
culta d from the patients oot wnne and cerix
a4 heds | after 5 4 monthillne wih T ul
mo as septicemia

A 29 year 1d primupara had disrrhea for 1 m nth
Pt r 1o aborton at 5 month gestauon St di 4
o the 37th ho pital d y hawvin_, hal ectf yma all
over her Joly P ud monas was ultur d from the
loch  am wotc Bwd kn leron mosth uleera
fin pledal Aul na el exulate an} fecs The
wfant appeared normal Tut di | 2 hour  frer
birth wth ntenely en td he anl pleen
Pedmoaswa reco 1 1from th infants}ver
pleen bone marrow and m comum

A mal twin nfant wg edematou dy fner snd
cyanotie and d ed § days sfter brtt T eudom na
w s cultured from th pleural exudste The nfant
lo hd memn u ani myoca dt  Th m ther
wa well

The m ther hal neyhrt  aft r the 61h month of
Penacy Afull trm mal o fant lied on ot
4th d y wti dy pnea cyano 1s and sk n macule
P culomona wa ultur d from th nfants m lile
ear I er gall Llladder and {l u s

2 ases A 38 year 1d maltips o bad chall and
f er for . days and atort d a 31 ch fetus Her
blood cultue wa o i fr T ealomon but
ehe mproved and eco e ed The fetus w nat
infected

A2 ya old multigrav Ja was delverel of a
stllborn mal at36 we k ge tation Sh had back
ache nu a vontng il and fe er M r bl od
and stools were postve {r P udom na whih
wa alogown from the bl o lung nd pl en of
the nfa t
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Tavte 5—Conttnued

M althard 433
1904

Rolly 3
1906

Delmotte
1910

Soifer 10
1928

Gaucheraud and P1_eaud *
1928

Alha
1941

hran and Hunter
1941

Keefer and Hew 1t 22
1946

so}bn an Khairat >
1948

A 35 year old multipara with chills and fever 3 days
po tpartum P eudomonas was cultured from the
Iechia along with other argamism The patient re
covered

Following a eptic and mcomplete abortion Pseudo
monas was cultured from the pat: nts blood and
spinal flurd She died on the 11th dav P eudomona
was cultured from the heart valve and mot of
the body organ

An 18 year old primpara was febnl 2 days after
spontaneou delvery P eudomonas wa cultured
from th lochia but blood cultures were neati e
The patient recovered

A 31 year old multipara with pamn fever and chill
tollowing 1ncomplete septic abortion wa induced
and the products of a 2 month ge tation recovered
P eudomonas wa cultured from th bl d and
Ilacenta She recovered

The mother had eptic endometriti at delwery but
recorered 1n 10 days 4 days after deliverv the 1n
fant developed memngiti and hydrocephalu P e
domona was cultured from the ventricular a pirate
and the mnfant die ] on the 37th lay ¢? contanunated
spinal tap)

A 27 year old patient had fever vomutin, and
diarrhea durin,, delivery of a premature infant (3t
weeks) P eudomena wa cultu ed from the moth
er tool She veco ered and was di char ed aft ra
1 month 1llne ¢ On the 5th day the 1nfant de eloped
red macular avez over the Lody and ded with
Pseu lomonas m nmait

The pat ent Fad ententis the lay before an 1 chll
durin,, delivery Stool wee p e for Pe do
mona The infant died 20 h urs later with eyan> 1

dy pnes leukogenta and a mac lar ra b Culture
of the wfant blood ple n jleural exudate anl
brain exudate were po ttive for P udomana

No climcal detail  The pati nt died

A28 yearolltat tal tdindedimonth [
ze tah n after a o dav fe cn ofth 1! 1
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Taete 5—C ntina d

un
1919

™ raandSann 1%
192

Hoflm n
19

Rorte
19

Sto gha 1%h nr
1946

a

unme stool and cerviz we e postie fr 1 ado
mona She d ed 33 days fater {o tm riem eulture
from the pericar fial flu 1 and fan W re posiine
for Prudo onasaniF col

\ 28 year 1 fnmy ra was miuc d anth h
month of fregnavey becau e f p ecclamgue tox
emia. She wa delve ed {2 stillborn femal and
a male who ded 1 74 hours. Pacudon nas wa
cultured from th panents tood u n and € rx
aod he delafter 3 momb il with P eado
mona  kej hicemia

A 29y ar old pnmijar had diarrbe §r1m nth
[ rt shortion at 5 month getaton Sh 4 1
nth 3thhomt! day ha og had e thm all
aerherboly T e Imns wa ¢ lured { m the
locha. amn & Bu1 kinle on muth ul ra
ton, plen al flo 1 naaf exulst anl{  The
tnfant ajpearsd nrmal but d 4 2 hor afr
Prh wih menely ongeted I r nd glen
Py vl monas was o ered f om the wfant b ¢
pleen bone marrow  nd meconium.

A male twin nfant wa  demsto by pn1 aud
cyan uic anfded dy afte brh T euiomona
was coltu od fr m th pleural udate Th » famt
alo had menn 1 ani myecardt Th motte
wa well

The mother hal n ph ut after tte 6th month of
pregnancy A fult 1rm m1 1 fat died o th
4th day with dy n cvan 3 snd kan macole
Teeulmne wa ulturdfr mib anfant m 2l
earl cgWblaMr ndylena

2 cases A 38 year 14 multpaa hol chidl nd
fe fo 2day adabortela3tchita Her
Blood cultare wa po th £t I eudomons but
hoampro el and ecoe ! The feto wa
e ted
A2 yarod maltgrarda w dl 1 of

tltornmal at36w L petat  “heh §¥ ck
ach nawe omtog Ml nifer He Hood
anlst 1 were p . f Peulmnas wh b
wasaleo g wa Lomthe U1 4 ha aand ol en of
the nf ot
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Tanre 5 —Continued

Walthard 433
1904

Rolly 263
1906

Delmotte
1910

“oifer

1928

Gaucheraud and Figeaud 3
1928

Alhn ¢
1931

Krau and Hunter
1941

Reefer and Hewatt 33
1946

“olhian)Kharat®®
1948

A 32 year old multipara with chull and fever 3 days
po tpartum P eudomonas was cultured from the
lochia along with other orgam m The patient re
covered

Following a septic and incomplete abortion P eudo
monas was cultured from the patents blood ani
pinal flud She died on the 11th day T eudomonas
wa cultured from the heart valve and mot of
the body or_ans

An 18 year old primipara wa felnle 2 days after
spontaneous delnery P eudomonas wa cultured
from th Jochia but blood cultures were nevan e
The patent reco ered

A 31 year old multipara with parn fever and chull
follcwing ncomplete eptic shortion was afecel
and the product of a 2 month ge tation recovered
P eudomona was culturel from the blood anl
placenta She reco ered

The mother had eptic endometniti at delnery but
recovered 1n 10 days 4 day ater delnery the in
fant developed memnoiti and hydroces halus P ex
domonas wa cultured from the ventricular a pirate
and the mfant died on the 37th day (? contamnate !
spinal tap)
A 27 year oll patient hal { er omitine anl
drarrhea dunn,. tel: ery of a prematore mfant ¢34
weeh } P eudomona was cultured from the moth
ers stool Ske recovered and wa di charg lafira
1 monthallnes  On the Sth day the infant le elope |
rel macular areas over the tody and died wih
Pieud>m nas menmne b
The jatsent al cateriti th dav belore an i chull
darnc deli ery Stools were poutr e fo I e do
monas The infant I ed 20 hour later with cvane 3
dy tnea leuhofe ta and a ma ular ra h Culture
f the mfants Hood 1leen pleural xulate anl
Pran exulate were po tr e for P ulomona

No chnical details The pati nt d ed

A8yeroll|t ntalorielintl 3rd no th of
getat n ftera2 1yf « Cult resof hetlond
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Tante 5 —Continued

Kohn + A 42 year old pravida V aborted 3 weeks after an
1957 upper re puratory infection The placenta was yellow
and necrotic The 7 month fetus had numerous lner

and other organ ab ce ses culturing Momlia and

Pseudomona  The fetal blood was po stwe for

Pseudomonas There was acute phlehitis of the

portal veins and adrenal hemorthage The motber

recovered
Pennusi et al ® 2 A 27 year old para n gravida it aborted a macerated
1958 infant about ten we ks before term followin, 2

traumatic douche The va_mal dicharge was
greem hyellow and foul smelling Bl od cultures
followtng antibiotic treatment were megatne but
P eudomonas was grown from the patients urnne
lochia and from the fetal lun, tissue The mother

recovered
Meyer ? ¢ A 25 year old female wa ho pitalized for elective
1960 ce arian section 1 week prior to term She was cath

eterized and ectioned under spinal ane thesia v
g birth to a viable male infant Several days later
he became febrile toxic hypotensive went into
pulmonary edema and died with ventercular fibrilla
uon Antemortem cultures of bloo] and urine were
poitwve for P eudomonas Autopsy showed um
lateral renal papillary necrosis with suppuratne
pyelonephritis and ob tructing caleulus in the left
ureter

The portal of entry 1 many cases has been the birth canal Several
of the e lack complete documentation However 1t 15 apparent that
systemie nfection with Ps aeruginosa constitutes 1 serious threat
to the pregnant woman and her fetus

OSTEOMYELITIS AND ARTHRITIS

Reports of arthnlis and osteomyehtis due to Ps aeruginosa re
uncommon Involvement of hones and jomnts 1n most cases can be
attributed to hematogenous di< emination Stanley “°* 1n 1947 col
lected 10 ca es from the hiterature Additional reported ca e are
summarized with the previously reported 1 es 1n TABLF 6 Not n
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JUSUIpU
Fic 16 —Ps aerumnosa arthriis A piration from the swollen left knee was

productnne of a thin non aneumou pu from which Ps aert amosa wa obtained

everal ime on culture

cluded 1n the h ted cases are suppurative proce ses 1n the region of
the mastord often associated with otiis media due to Ps aernnosa
Occastonal ca es ** are not tabulated beciuse of insufficrent data
Pseudomonas infections of bones and jouts are frequently preceded
by unnary infections

Lame “ ¢ who con 1ders ostettis pubt to be 1n o teomyelitis
has postulated a sertes of lesions mvoluing bones and joint wlich
may result from dis emnatron of nfections of the urinary tract This
sequence molies con ecutisely osteitis pubrs purulent infection
of the lup jomt and vertebral o tecomyeliis He found i the litera
ture three patients reported to have o teitis pb1 who sub equently
developed arthntis of one or both hips ™' ¢ ** Only one of the
Te 10ns was cultured and Ps aeruginosa was recosered both from
the lup and from the urine All 3 ct es and a fourth pre ented by

the nuthor occurred following pro tatectomy
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FI' 17—An X ay film of the d tsl femu of the patient illu tr ted 1
L g oteolyncd fect in 1 ng the epirhy 1 a d cortex are pp e t

R

16
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Listed 1n TABLE 6 are several reported cases of spmal and pelwic
o teomyehitis due to Ps aeruginosa which followed operative pro
cedures on the urinary tract Since it 15 usual for roentgenographic
demon tration of such lesions to lag weeks or months behind symto
matic on et speaific 1dentification of the causal agent 1n many cases
depends on aspiration smear and culture of the osseus lesion steel{

ST

18 s
L _ ~ -
Fir 18—Pseudomonas colomes  ynovial surface mht hip causin, acute

arthntis Hematoxyhn eosin (¥ 380}

It has been pointed out by Leigh et al ** that mn such ca es the
entire pmnal column <hould be examined for multiple le 10ns

We have followed the chincal cour es of 3 patients with infections
of jomty due to Ps aeruginosa One of them 2 5 year old male with
acute lymphocytic levkema msidiously developed a  painful
<wollen left knee with associated high fever (see FIGURF 16) The
imtial asprrated material contuned many polymorphonuclear cells

«terle All sub equent asprrations were positne for Ps

t w1
bu rated The situation

ould be demon b
aeruginost No cphieemit ¢
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sugge ted bacterial contamnation at the time of the imnal pro
cedure Howeser a large o teolytic defect in the adjacent di tal
femur with emiphy eal involvement and cortical de truction which
ongnally was considered to be an atypiea] leuhemic lesion proved
on bropsy and culture to be osh litis due to Ps g (ee
FIGURF 17) Attempts 1t con envatne therapy mcluding local 1
gation with polymyxin B together with sy terme antibactenal ther
apy were unsuccessful Sub equent inci 1on and drainage of the
knee jont with curetting of the o teclytic lesion and 1immobiliza
tion of the jomnt resulted 1n negative cultures and a low but definite
chmcal improvement

Ficure 18 1lluctrates colomes of P’s aeruginosa on the synovium
of the right hip jomnt of a patient with chromc leukemia who had
acute septic arthutis with p eudomonas epticerma

EYE

Since 1885 when infection of the eye due to Ps aeruginosa was
fir t reported 1n the form of dacrocystitis de tructive le 1ons 1n var
10us forms cau ed by this organi m hwve been de eribed Spencer »
article on Ps aeruginosa infections of the eye includes 1n extensne
It of references on this topic*® The mo t common form of eye
mfection 13 corneal ulcer which may pread with alarming rapidity
to become panophthal The first gnized ca e was reported
by Sattler > 1n 1891 A typical history 15 that of minor abraston or
foreign body followed 1n one to three days by the appearance and
rapid growth of a white ulcer with a characten tic area of necro 1s
anda emstran parent center The bacteria migrate rapidly from the
corneal issue into lymph paces*! The orgam ms multiply rapidly
at the pownt of entry extend into the normal cornea and cause
widespread destruction as they form endotoxins and exotoxns **

¥ Such 1nfections are notoriou ly resi tant to therapy and are
recogmzed 1o be among the most errous corneal lesions  ° ** Prior
to the advent of sulfonamides lo s of v1510n with or without enuclea
tion was the common result Infection may al o take the form of con
Junetisitis ! necrosis of the eyehds **! 17 dacrocystitis *'° punctate
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keratitts meibomutis and endophthalmitis Contamunated medicinal
solutions have been imphcated m some case 1’ 7 440

Frsher and Allen ** have recently mvestigated the role of pro
tewse 1 ocular damage due to Ps aeruginosa They have noted a
correlation between the proteolytic capncity of the strun and the
degree of corneal ulceration Severe corneal damage was produced
m anmals utihzing 2 cell free preparation contaming a protease
or possibly more specifically 1 collag Farther !
studies by these authors **** suggested to them that antibodies may
be produced aganst these enzymes with inferesting therapeutic

1mplications

EAR

Prior to 1940 the principal orgam ms cultured from otifis ex
terna lesions were fung: of one type or another Since then 1t has
been shown that gram negative bactenia ~peaificilly Ps aeruginosa
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5 3;5'%‘757","}"%"'7' b

Ly ¢ Wt T PR
SANEEY Wk 7,
R '\\K“)B { g 1 f',r'i
&l
RS ~ahnals

Fic 22—(abore) Necrots g hemorhagic ton Nt Jue to Py @ ruginosa

Fig 23-(b fow) Fcal ner  due to I cudomonas va culty fa cual ton 1}

Hematoxyln eo 1 (¥ 12}
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are frequently pre ent Iera tent infecion may develop partic
ularly m moit tropieal chimte *'' ¢ ¢+ % Complication
uch as ab ce » of the brtin ** ma toiditis and thrombaphlebit: of
the lateral <inus occasionally occur and several ca es have been asso
ciated with meningitis exther by direct exten 1on or by way of the
blood tream 7100 M4 1T 11 T 183

One of our patents developed otiti> media due to Ps aeruginosa
The histologic picture may he een 1n PIGURE 19 It 15 not known
whether this was a primary or secondary nfection for the patient
died with dis emnated lesions

MISCELLANEOUS INFECTIONS

Some of the more frequent and mote prominent sites of infection
due to Ps aerugmnosa have heen discussed 1n detail However many
other region of the hody may be mvolved Some of these mclude
Ischiorectal ab ces e ) 109 10 M MT 415 ghocey ey of the liver

743 47 subhepatic ¥ and subphrenic ab ce es 2 ab ces es of
the thyroid gland *37 gastromtestmal ulcerations ¢ abscess of the
bram 7 9 373 gallbladder ° cholangitis ®* pelvic abscess * e oph
agitis 15 abscess of the parotid glind ® dental caries * percarditis *
10 peritomtr 1 13 © ¢ 6 2 muliple metastatic abscesses 3
9 artersovenous fistula * and pulmonary arteritis 1™

Additional infections i our own eres either primary or second
ary are 1llu trated by photographed micro copic ections of the
thyreid gland (Ficure 20) lymph node {Ficure 21) and ton il
(FIGURE> 22 and 23) on the preceding two pages
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of references dealing with data on tovicity re« tance antihiotic
synergt m and 1 vitro testing 1> avulible in Jawetz monograph
.

SYSTEMIC INFECTION

Bacteremia or endocarditis due to Ps aeruginosa <hould be
treated 1mmedately wath polymyxan B wlhich 15 probably the drug
of choice 1* © 40 481 Iy the pre ence of good renal function pro
longed therapy with polymywn B n full do age 15 probably <afe 1°
Recommended do es are 15 to 25 mg /Kg /day n 3 or 1 equal
mtramu cular injections for two weeks with a daily maamum of
200 mg Polymyxin B s heen given both ntramu cularly 1nd intra
venously for extended periods 1n at lexst one case of endocrditis
without evidence of permanent tovieaty In the presence of pre exi t
g renal di ea ¢ a maximum do age of 10 to 15 mg 'kg 'day
with careful chnical and Jaboratery upervision 15 indicated One
Per cent procaine solution may be added to mummize local irntative
effects Oxy line may act <y Iy with polymywn and
probably s]lould be admimstered concurrently 1 oral do es of
250 mg 1 times daily Sen ity tudies should be performed mn
allca es although this should not delay the institution of 2ppropriate
treatment Neomycin may prove valuable in come ca es Polymyxn
has been given wntravenously (200 mg n 2000 ml of fluid) but
this route of admimstration needs further evaluation

URINARY INFECTIONS

Polymyxin 1» probably the drug of choice in acute and chrome
urinary tract mfections due to Ps aeruginosa 1° %107 481 Thy,
should be given wmtramuscularly n full do es possibly 1 conjunc
tion with oxytetracychine Local urethral or bladder i tllation of
polymyun olutions may be useful 1n some cases

INTRATHECAL ADMINISTRATION

Since polymywn does not cross the blood bram barrier ¥ the
Toute of choice for p endomonas memingiti 15 wntrathectl Jawetz



3 Antibiotic Therapy

Several excellent sources of mformation about the treatment of
mnfections due to Ps aeruginosa with polymyxin B are asulable *

¢ 43 44 4% Much of the following data can be found 1 a mono
graph by Jawetz © and in an article by Wawsbren #%

The polymyxms ongnally reported in 1917 ! 10 are hauc
polypeptides with a relatively narrow antibacterial spectrum Therr
action 15 predominantly against gram negative organisms and 15
bactericidal Most strains of psendomonas re mhibited 1n vitro by
a concentration of polymyxin B of £ 0 micrograms per milliliter or
less ® Development of res1 tance 15 uncommon m ongmally <u
ceptible strains cross resistance with other antibiotics has not been
encountered Detailed studies on the action of polymyxin agunt
Ps aeruginosa are available® ® ¢

Absorption hy the oral route 15 1 1gmficant but u efulness as
the sole agent for preoperative sterilization of the howel 1 limited
by 1ts narrow spectrum of actinity No «ignificant blood or urine
lesels are obtamed after topical appheation ' By the mtramu
cular route the drug 15 well absorbed nd distnibuted reaching an
effective level in the blood 1n one half hour and 2 peak 1n two hour
The optimum bactericidal effect of polymyxin B 15 obtaned when
sufficient concentrations of the drug are brought into direct contact
with the source of actively muluplyin, organism  Since transfer
of polymyxin from the bloodstream into hody cvities 12 often 1m
pared 1t becomes essentil to elect the approprinte route of drug
admim tration for maximum thertpeutic effect

Dosage and duration of treatment 15 1l o of great importance
«ince neurotoxic and nephrotoxic effects have heen reported The e
appenr to be transient w ithin the recommended do e <chedule  hut
mn the pre ence of renal di ea e with elevaled non protern mitrogen
<erum levels may accumulate nece< atating careful chimel and Ixh
oratory super: ton of therapy  After parcnteral adnuni tration
largely excreted 1n the unne A furly complete T t

lymyvin Is
polymy o
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thus ume  © Intrapleurnl admim tration of polymyxin for the treat
ment of empyema may be of value sith or without the u e of enzy
matte agents Irnigation of infected wounds sinuses or joints with
olutions of 1 to 10 mg polymyxin B per ml sterile ;alme has been
of therapeutic value when himed with ad or
enzymatic debridement

g

THERAPY WITH COLISTIN SALTS

Recent reports i the American hterature 170 )8 300 361 391

ndicate that a new antibrotic coh tin produced by Aeroba
cillus colistinus may prove useful 1n the treatment of pseudomonas
infections Cols tin was first reported 1n 1930 by Koyama and
asociates ** The two commercially avaable forms* are colistin
sulfate (Coly Myein S) the oral form and sodium cohstin methane
sulfonate {Coly Mycin M) an intramusculer preparation Much of
the msestigation to date has been carried out mn Japan and Italy
A good bibliography 15 hsted by Schwartz et al®! The e polypep
trde compounds appear to have a similar spectrum and activity to
that of polymyxin B however probably without erious nephro
toxic fetures Preliminary tudies mdicate that for Ps aeruginosa
these new drugs are rapidly bactenicidal sensitive strams do not
readily dey elop resistance and there 1s no cross resistance with the
broad spectrum antibiotics

Graber et al'* found Ps aeruginosa to be highly ensitrve to
coli tin sulfate only 5 of 18 strams Tequinng & plasma level as
much as 312 pg /ml for bacterierdal activity They recommend 1ts
use d pl severe burns McCabe
etal® found cohistin valuable 1n the treatment of wound infections
due to Ps aeruginosa Lack of nephrotoxicity was confirmed but
the effect agamst p eudomona was less uniform than that of poly
myun B

Gastrointestinal ab orption of colistin 15 negligible except pos 1bly
m mall infants Ross et al % suggest that for the pediatric age

]

Th tr de names n parenthe es a e the property of Warner Chulcott Labo &
10 108
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recommends the use of 5 mg of the sterile powder dissolved 1
10 ml of sahine to gave a final concentration of 0 5 mg per mi This
15 wjected daily for 3 days then every other dny for 1 total of 10
to 15 njections ™ Procaine must not be added The total duly
dovage must not exceed 5 to 10 mg for adults or 2 mg for small
children Treatment =hould continue for at least two or three weeks
after obtumng negatrve spinal flud culture  The additional u € of
ntramuscular polymyxm 50 mg 4 times daily has been suggested
by some authorities*** Neomycmn and Streptokmna e Streptodor
nase has been used successfully 1n some cases 13 1 Experimental
reports of the effects of ntracisternal injection of polymyun are
available *"*

ORAL ADMINISTRATION

Tablets contamning 50 mg of polymyxin B are available for oral
administratson The daily adult dosage 15 400 to 600 mg n divided
doe * For small children 15 to 20 mg /Kg /day for 10 duys1s
suggested for the treatment of diarrhea caused by Ps aerugmnosa
Descriptions of chinical cases are aymlable 317 570 433 4+ A oug
gested dose for the treatment of carriers has been 05 gm four times
danly #**

TOPICAL ADMINISTRATION

Polymywn has found wide use in the treatment of burns infected
ulcers and large wound ' ** 4 A concentration of 05 to 10
mg per ml exther alone or with neomycin or bacitracin has heen
u eful 1n presenting secondtry infectrons No sigmficant blood or
arine levels are obtamed after topsea] ppheation to large bumns *
Symilar concentrations have been used with success for the topical
treatment of otitis externa due to Ps aeruginosa ®® Polymyxin 1
urgently ndicated for the treatment of corneal ulcer 20 to 25
mg /day <ubconjunctisally has been recommended 110 183 317 361 <%0

MISCELLANEOUS INFECTIONS

t of infections of the re piratory tract with aerosol has

Treatmen
% Lut cannot recenve unquahfied recommendation at

been reported



4 Pathology

The charactesistic pathologic lestion of Ps aeruginosa mnfection
132 diffuce acute viculitis 1 which the wall of small artertes and
sews are extensively imvaded by pecudomona« organt ms (FICURES
2 3) Ths process 5 1< ociated with extrasa cular hemorrhage and
miravascular thrombosis There 15 bland hemorrhagie necro 1 of
the surrounding 11 ve Such fe 1oms were extensiely de crthed by
Fraenkel 1 M7 and <yl equent reports hvse enved to elzhorate and
confirm s obsenation ¥ Arens supphed by these tafected ve els
become necrotse and typically a ume the appearance of hemor
thagic gangrenous ulcer The clo e relation hip of bactena to
blood vessels apparently favors di semnation of infection Second
ary lesions sre wsually hemorthagic and necrotic and are almost
always non suppuratise

The pathologic lewions of p eudomonas may be found at any or
all of the vanous portals of entry of safectious agents 1nto the
bady The € include the mouth pharynx muddle ears larym hungs
esophagus stomach intectines gemtourmnary tract and ki In
ome ca e> the osgamsm may he introduced wnto the pmnal canal
by needle or wto the bladdes by catheter or wto the central ner
ous system by penetrating jury Cellulitis 1n our own experience
has followed the rspuration by needle of hone marrow at the thac
crest

1n 22 subjects autopsied at the Climcal Center duning the perrod
of 1953 to 1957 hustopathalogie lesions of Ps aeruginosa were
found wath the foll freq <kin and sub bs ves
10 tungs © oral mucous membranes and mnte<tine 5 each hrdney
esophagus and myocardium 3 each pleen Iner pancreas thyroid
gland and parana ol smu es 2 each and pencardium fap jomnt
plewra mddle ear and conjunctina «mgle instances By contrast
the distnbution of post mortem cultires mn the ame subjects was
heart blood 13 (2 ather pattents had terile cultures and 7 were not
cultured) Tong ¢ spinel flud 5 subeutaneous tissue and pertcard

&
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group an or1l do e of 15 mg /kg duly i an eight hour do age
schedule would be ample Gua ardo ' has reported powerful actry
1ty of colistin aganst gram negative bacteria in the mtestinal flora
He found that infantile diarrhe1 responded well This has also been
the expenence of others ™

Clearly these compound <how promise m the treatment of
fections caused by Ps aeruginosa and deserve further evaluation

At this time 1t 15 difficult to assess 1n any speaific way what the
antierpated results of 1 given therapeutic regimen <hould be Large
seres of patients treated comparably are not available for analysis
m most types of mfection due to Ps aeruginosa However 1t does
seem clear that systemic or menngeal mfection 15 always serous
and carries a poor prognosis particularly 1n the absence of adequate
natural body defense mecham ms Local infections on the other
hand frequently respond favorably when recognized early and
treated appropnately



4 Pathology

The ehwractentic patholoic Jesion of Ps aeruginase siection
182 diffuse acute vascuhtis an which the wall of small artenes and
eins are exlensnvely imvaded by p eudomenas oryamsms { FICURES
2 3} This process 1 a socitted with extrara cular hemorrhage and
ntrnascutar thrombosis There 1 bimnd hemerrhagic necross of
the surrounding, tissue Such fevions were extensively deseribed by
Fracake] 144 17 g <ubsequent reports have served to elaborate and
confirm lus observatione * Areas supphed by these infected ses<els
become necrotsc and typienlly 1 sume the appearance of hemor
thagic gangrenous ulcers The close relation Iip of bactena to
bood vessels apparently favors di cemination of nfection Second
#ty Jestons are usually hemorrhagic and necrotic and are almost
always non~uppurtsse

The pathologic lesions of p eudomona may be found at any or
all of the vanious  portals of entry  of infectious 1gents nto the
body The e mclude the mouth pharynx mddle ear larynx Jungs
esophagus stomach inte nes gemtounnaty trict nd shin In
some cases the orginism may he mtroduced mto the spinal canal
by needle or 1nto the bladder by catheter or into the central ner
ous sy tem by penetrating mjury Cellulitis 18 our own expertence
h1s followed the aspiration by needle of bone marrew at the thac
crest

1a 22 subjects awtupsied at the Clintcal Center duning the perrod
of 1954 to 1957 I topathalogic le wons of £5 aeruginosa were
found with the following f y <han and sab ous tissues

O Jung 9 oral mucous membranes and wtestine 5 exch hadney
£s0phagus and myocardium 3 each spleen lser pancreas thyraid
gland and paranasal smu es 2 each and pericardim hip jont
Plewra muddle ear and conjunctiva sngle nstances By contrast
the distnbution of post mortem cultures 1n the same subjects was
heart blood 13 (2 other patrents had sterile cultures and 7 were not
cultured) lung & spinal flusd S5 subcutaneous tissue and perteard

o
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wroup 1n oril do e of 15 mg /Rg duly i an eight hour do age
schedule would be ample Cun <ardo ! * has reported powerful actny
ity of cobistin 1gan t gram negative hacterit mn the mte tnal flora
He found that infantile dinrrhens re ponded well This has al o heen
the experience of others **

Clearly the e compound how promi e in the treatment of
fections caused by Ps aeruginosa and de erve further evaluation

At tlus time 1t 1s difficult to a ess in ny specific way what the
anticipated re ults of a given therapeutic regimen should be Large
series of patients treated comparably are not ayailable for analy
1 mo t types of mfection due to P’s aeruginosa However 1t does
<eem clear that sy temic or meningeil wmfechon 15 always erou
and carries a poor prognos:  particularly n the ahsence of adequate
natural body defen e mechanism~ Local infection on the other
hand frequently respond favorahly when recogmzed early and
treated appropnately



5  Summary

A review of infection~ cau ed by Ps aeruginosa has been pre
sented What general principles can be derned from this collected
mformation and how ean they be pecifically apphied? Which areas
of metigation will be mo ¢ rewarding 1n terms of increa ed knowl
edze of the organt m and better chnical management of the patient?

Fir t of all there must be general recogmtion that Ps aeruginosa
1s potentially pathogeme for man Infection 1s mo t ikely to oceur
I a ething where body defen e mechaimt m  are tmmature as m
mfants or overtased as in patent already delnltated from ome
other eu ¢ Therapeutic metures dewigned to combat one cond:
tion may provide 1n ensironment favorable for the establi hment of
T 1tantp eudomonas infections Examples of this are numerou and
mclude profonged admim tration of antibiotics the u e of ronizing
radiation and chemotherapeutic a,ents 1n neopla tic di ea e and 1n
kidney transplantation  the employment of venous ind urmnary
catheters the u » of pump oxygenators for extracorporeal circula
ton n cardiac <urgery and the u e of lumbar puncture for diag
nostie or therapeutic reasons The e procedures are often useful and
necessary but have introduced problems which mu t be anticipated
Tecognized and treated effectely

Ps aeruginose 15 ubiquitous and may thrive in the usual ant
“eptic solutions u ed for prepann,, kin storing catheters and other
surgical instruments 7 9% 29 44 The annbactennl actiy
1ty of such solutions may dimmi h over a pertod of ime to encour
age this growth ® ™ Bed pans angd unne hottles are the most likely
sources for contamnation of the hands of ward personnel® In
th regard carbolic aeid as a 2 per cent <olution has been reported
to be an effectne anty eptic

Witk the possible exception of direct introduction of organisms
'nto the blood or spinal flnd  ertous infection with pe udomonas
*ould appear to be uncommon 1n non debilitated adult It 1 the sus
ceplible patient for whom trict precautionary measures must be

7
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1l flurd 3 each wertie flmd synovial flwd nd ante tme 2 each
and or1l mucous membrane pleura! flud kidney pleen liver
middle ear parinasal sinu es eye no e and hp <ingle instance
The considerable differences hetween the hi topathologie and bac
terologic distribution  are atteibutable to differences m sxmphing

The significance of a po t mortem culture of p eudomonns 1
much greater thin 1s the significinee of hactenal contarunant such
15 E colt Frienkel found only 75 in<tances of positine p eudomonas
cultures among 6636 positne blood cultures i 11286 autopsies
Since pseudomonas usually outgrows other bacterin m contamintted
mater1al and 15 <o nfrequently present 1n po t mortem culture
positiie autopsy cultures of this organism are lighly sigmficant and
~hould serve to alert the pathologist to search the tissues carefully
for evidence of wmasien In 10227 Fraenkel remarhed that
<carcely 1n organ n the body had not been 4t one time or nother
described as the site of pseudomonas infection



5  Summary

A review of wfections e ed by Ps acrugmosa has been pre
sented What general prineiples cn be derned from this collected
wformation and how can they be =peaifically applied? Which arers
of anve tigation will he mest rewarding 1n terms of increa ed know!
edge of the orgam m and better chinieal management of the patient?
barst of 4l there mu t be genernl recognition that Ps aeruginosa

y patt for man Inf 15 mo t likely to occur
in a ceting where body defen e mechamisms are 1mmature as
mlants or overt ixed as 1 ptients already delnhtated from ome
other cause Therapeutic measure deaigned to combat one condi
tion may provide an environment favorable for the e tabli hment of
Test tant pseudomonas infections Framples of this are numerous and
nclude prol ged ad tration of \! the u e of 10nizing
radiation and chemotherapeutic agents i neoplistic di ¢ € and 1n
kidney tran plantation the employment of venous and urinary
catheters the use of pump oxygenitors for extracorporeal circula
ton 1 cardine surgery and the u e of lumbar puncture for diag
nostie or th rea on  The e proced are often useful and
neeessary hut have introduced problems which mu t be anticipated
recogmzed and treated effectrvely

Ps aeruganosa 1 ubiquitous and may thrive m the wsual antt

€plic solutions u ed for preparing <kin storing catheters and other

surgical instruments 1% '+ 134 36 420 The antihactenal act
1ty of such solutions may dimm h over a period of time to encour
et this growth® @ Beg pans nd urine bottles are the mo t likely
sourees for contimination of the hands of ward personnel®  In
this regard carholy acid as a 2 per cent olution has been reported
1 be an effective antiseptic

With the possible exception of direct mtroduction of orgam ms
1nto the blood of pinal fluild  enous nfection with pesudomonas
vould appear to e uncommon 1n non debnlitated adulte. Tt 1s the sus
¢ephible patient for whom striet precautionary measures must be

n
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taken These should melude 1~oltion from known sources of infec
tion and frequent changes of antiseptic solutions or other possible
bacterial reservoirs The more «u ceptible the patient Jud,ed
clinieally the more stringent should be the precautions Antibioties
particularly broad spectrum drugs should be withheld 1 the ab
sence of specific indications Prolonged and prophvylactic treatment
with antibrotic agents 15 to be di couraged Strict attentien to bed
sores pacticularly those near the 1no gemtal aren 1 ymportant <ince
these may offer 2 comvenient portal of entry to the hlood tream
The presence of or1l monihasis may wmdicite the exi tence of an
environment favorable to p eudomont~ <ince the e organt ms fre
quently occur together The 1ppearance of chiracter: tic cutaneou
lesions or le s pecific signs such as fever jaundice unexplamed
neurologic symptoms or sudden shock may herald the on et of eptt
cemia Other chnical features of mfection hwe been diccu ed
Cultures should be taken from suspiciont 1reas and <ensitnities
performed

Major problems n the manigement of p eudomonas infection
have been (1) the apparent nability of the host to summon ade
quate natural body defenses and (2) the resistance of the organ
1sms to available therapeutic 1gents Polymyxin B and neomycm or
possibly colistin appear to he drugs of choice 1n most cases The
early mstitution of approprinte therapy for + sufficient perod of
tume 1s vital since pseudomonas mfections tend to 1ssume a chrome
and relapsing course

Several areas require further 1nvestigation Rapid simple meth
ods of bacteriologic identification =re needed Studies on modes
of transmission are suggestive but not conclusive The relation of
cutaneous lesions to the Schwartzman phenomenon 1s of mtere t
and not well under tood ** The mechamsm of leukopema and of
shock has been studied but needs further clinficatron particularly
with reference to the role of crculabing endotoun  The role of
adrenal cortrcal sterords as a possible predisposing factor 1s of mter
st and difficult to evaluate The use of these compounds in the
t of bacteremic <hock due to Ps geruginosa has not been

treatmen
140 The status of gamma globuhn needs

successful 1 our hands



SUMMARY n

mivestigation In our own experience 1n patients with leukemia  erum
levels of gammn globulin did not chinge sigmificantly with the on et
of p eudomonas infecion Ro enthal et al *** rendered mice sus
ceptible to p i by pr with corticone
and were able to protect the e ammals by administration of human
gimma globuhin A synergistic effect was obtained by the combina
tion of oxytetracyclme with gimma globuln or plasma®* Other
studies on the potentiating effects of gamma glohulin are available
18 13 44 The role of phagoeytic action on p mfee
tion 1n mice 15 being studied* ? Investigations of the properdin
system may be useful mn our understanding of natural body de
fen es ¥ Poswbly the best attack would be the most direct namely
the di covery of an antibiotic agent pecific m 1t» action agun t
these orgami ms and without deleterious side effects The colistin
salls or related compounds may provide this need Meanwhile the
mtelhigent application of already established prineiples hould pre
vent or abort many of the e resistant infections due to Ps aerugin
osa
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