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"One of the most significant changes
in the pattern of bacterial disease
since the introduction of antimicro-
bials has been the iIncreasing pre-
valence of serious infections with
certain organisms generally considered
as constituents of the normal bowel

flora."”

Fred A. Gill and Edward V. Hook
"Changing Patterns of Baoterlal

Resistance to Antimicrobial Drugs

Arcer. J. Med. (1965) .2+ 780.
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1. SUMMARY OF FINDINGS

This thesis i1s a bacteriological and clinical
analysis of oases of klebslella infection occurring in
patients In the University Hospital of the West Indies
from April, 1966, to Maroh, 1967. Matched oontrol

specimens are taken from infected and normal sites*

The literature on the various clinical infective
syndromes associated with this organism iIs reviewed, but
few of these papers coordinated ollnloal findings with

full bacteriological iInvestigations.

Two hundred and ninety isolates of Klebsiella
aerogenes from 278 patients are considered. The Inoidenoe
of isolation from normal and infeoted throats is similar®
in sputum, klebslella Isolation is related to a variety

of clinical infective syndromes.

Urinary tract infection is related to urethral
strioture. In the female genital traot klebslella is

probably not a primary invader.

Cases of klebslella abscess formation and wound
infection occur in this hospital. Diabetes mellitus does

not predispose to klebslella infection.

Approximately one $hird of all klebslella isolates
are hospital acquired, but cross infection does not play an

Important role since a great variety of serotype and biotype



combinations are encountered. Multiple Infection with
different serotypes and biotypes of klebsiella i1s a

feature of several cases, and the importance of determining
the serotype and biotype in any studies of this type is

emphasised.

Eighty-nine out of 278 patients were on antibiotics
at the time of first isolation of klebsiella, and this com-
pares closely to the incidence of antibiotic prescription
in a carefully matched control group of hospital patients
showing no evidence of klebsiella infection. When the anti-
biotic history is further analysed, there iIs seen to be a
predisposition to develop klebsiella infection after seven

or more days multiple chemotherapy.

Strains of aerogenes Isolated from specimens of
urine are more biochemically heterogeneous than Isolates

from other sources.

Part Two of this study demonstrates that the various
klebslella serotypes produce quite different cross reactions
In two species of laboratory animals, rabbit and mouse. It
IS thought that these differences are probably genetically
related. Further work is indicated on the immunological
specificity of the capsular polysaocharides of klebsiella,
and on the modifying effect of adjuvants, i1f any, on the

antigenic determinant site.

Similarities are apparent between infection due to

type 111 pneumooooous and Klebsiella aerogenea.



2. INTRODUCTION AND PURPOSES OF INVESTIGATION

Isolation of klebsiella speoies from specimens
submitted for bacterial oulture from a variety of olinioal
infective syndromes is of frequent occurrence in Jamailoa.

The iIncrease in iInfections due to members of the gram nega-

tive group of organisms since the advent of antibiotics and
chemotherapeutic agents is well known and has been extensively
documented. The primary purpose of this investigation Is to
analyse the nature and severity of infections due to the
various serotypes of Klebsiella aerogenes, as isolated from

patients studied 1n the University Hospital, Jamaica,

The questions asked iIn thia survey aret

1, What i1s the etiological significance of isolation of
a particular serotype of Klebsiella aerogenes from
clinloal material?

2, What is the significance of previous chemotherapy in
establishing infection by this group of gram negative
bacteria?

3, Is any particular serotype more frequently related to
infeotion at any one site, or to hospital aoquired

klebsiella Infections?

During the course of the preparation of antisera in
the rabbit to the various serotypes of klebslella species,

for purposes of typing the above strains, opportunity was



also taken to assess the ability of the Swiss colony strain

of white mouse to produoe a hyperimmune response to klebslella
stock cultures. Comparison was made of the antibody tltres
and oross reactions to the same antigen In the two host

species, rabbit and mouse*

The questions asked In this section of the work arel
1, Does the mouse produoe antibody tltres comparable

to the rabbit?
2, How do differences in host species affect the cross

reactions?

Since this work is mainly an Investigation Into the
clinical signs found in association with isolation of specific
serotypes in humans, detailed animal iInvestigations had to

be of necessity limited.

IT the final seotion suoceeds In asking even more
questions than it answers, this is partially due to the fact
that our knowledge of the Immunochemistry of the klebsiella
antigens is still incomplete, and that further work iIs needed

on the effects of adjuvants on antigenic specificity.



PART |
3A. HISTORICAL REVIEW OF THE LITERATURE

a Fourteen years ago, Grant (1958a) commented on the
frequent culture of klebslella species from specimens sub-
mitted from patients In Jamaica - most commonly from urines,
and then iIn decreasing order of frequency from high vaginal
swabs, sputa, ulcer swabs and throat swabs. During the
1955-1957 period he stated that 31 deaths were due primarily
or secondarily to klebsiella infection, and suggested that
cross-infection may be an important factor. The same year,
Grant (1958b) surveyed the bacterial aetiology of urinary
tract infections iIn the University Hospital, Jamaica, and
found that during the 1957-1956 period, of 1,52 bacterial
infections of the urinary tract, 17*” were due to pure

cultures of Klebsiella aerogenes.

Sandison et al (1967)1 in a survey of the Intensive
Care Unit of the University Hospital, Jamaica, noted quite
a degree of bacterial contamination of the air (of 0.67 orgs/
cnm /30 mine.), but the organism most commonly found was
staphylococcus. All three patients on the iIntensive care
side of the unit at the time of the survey had a high popu-
lation of klebsiella organisms on their bedclothing and the
floor by the bedside, and klebsiella was isolated from suction
tubes and ventilators in use. Two of these three patients had
had klebsiella, in mixed oulture, isolated from tracheostomes.

James et al (1967)» iIn a more extensive bacterial survey of



the hospital noted a high level of bacterial contamination
of* the air, by the settle-plate technique, but the commonest
organism isolated was the staphylococcus, and klebsiella
isolation was relatively rare, and in all cases plate counts

were low*

Xn none of these surveys was an attempt made to olassif*y
the isolated strains of klebsiella serologically, or to assess
the incidence of klebslella in association with active clini-
cal infection and normal oontrol groups* Since the advent of
antibiotic therapy there have been many reports on the in-
creasing number of iInfections associated with the more re-
sistant gram negative organisms. Wilson and Miles (1964)
point out the difficulty of assessing the significance of the
numerically higher capsular serotypes of klebsiella iIn res-
piratory tract infections, particularly in patients on anti-

biotic treatment in hospital™*

Helmholtz and Sung (1944) found a high degree of re-
sistance to penicillin iIn strains of X2, aerogenes Isolated
from urine, and Herrell and Nichols (1945) stressed the value
of streptomyoin in urinary and tracheo-bronchlal suppurations
oaused by klebsiella* By 1946 i1t was becoming clear that
prolonged penicillin therapy could result in striking changes
in the bacterial flora, and this was well demonstrated by
Lipman et al (1946), who reported the emergence of gram nega-

tive organisms in the throat flora of patients on penicillin



therapy for rheumatoid arthritis, replacing the penicillin-
sensitive gram positive cocoi isolated before onset of

therapy,

Streptomycin was not to remain of unquestioned value
in klebsiella eradication for long. In 196, Finland, Murray
and Harris showed the development of streptomyoin resistance
to a variety of organisms including klebslella, during therapy,
in cases of chronic pyelonephritis and these observations were
supported by the work of Herrell and Nichols (195) at the
Mayo Clinic, and by Buggs and others (196)«

The emergenoe of resistant strains of the same species,
and spontaneous occurrence of new infection during antibiotic
therapy aroused much interest in the 19%7-1952 period.
Weinstein (19*7) observed a failure in olinloal cure of
patients suffering from pneumococcal pneumonia after penicillin
therapy, ooncoromitant with the appearance of X. aerogenes in
the sputum* He pointed out the danger of spontaneously-
occurring, new infections during the course of penicillin
or streptomyoin therapy, due to disturbance by antibiotics
of the normal state of bacterial antagonism. Super-infections
with gram negative bacilli were also reported by Appelbaum
and Leff (1998), by Yow (1952), MoCurdy and Neter (1952) ,
Smith (1952), Spink (1953) and Weinstein et al (195*0* Smith
(1952) emphasised the complex balanoe which normally exists
among the normal microbial flora of the body, and when this

iIs disturbed by prolonged antibiotic therapy, may result in



the development of secondary vitamin deficiencies or new
infectious disease syndromes. MoCurdy and Neter (1952)

compared the conversion of the throat flora after the use

of penicillin in combination with a broad spectrum anti-

biotic with the changes following treatment with broad spec-
trum antibiotic therapy alone. The combination of drugs was
more likely to produoe a predominantly gram negative bacillary
flora than the use of one broad spectrum antibiotic alone, and
these results were statistically significant. Of great iInterest
were the observations of Weinstein at al (195*0 that the clini-
cal disease appearing when superinfection occurred Involved

the same organ system that had been involved first. However,

in superinfection, involvement of other tissues was also noted,
and the respiratory tract was usually affected. Most of the
superinfections occurring during chemotherapy were noted between
the third and sixth days of treatment of the primary disease,
and Wif* became evident on the fourth or fifth day of antibiotic
therapy. The authors pointed out that the appearance of super-
Infeotion during the administration of an antibiotic may convert
a benign, self limiting disease iInto a serious, prolonged, or

even fatal one.

Yow (1952) presented clinical details of Pseudomonas and
Proteus infection ooourrlng during chemotherapy. In a subse-
quent paper, Yow (1955) pointed out that infections due to re-
sistant strains of gram negative bacilli are especially likely

to appear in patients with decreased resistance suoh as



malnutrition, alcoholics, blood dyscrasias and other debili-
tating conditions. In the same article, Yow drew attention
to a report from the Philadelphia General Hospital by Weiss
and others (195*0 indicating a rapid rise in the frequency
of pulmonary infection due to klebsiella over the decade
1942-1952, with over Mo of these patients in the 40-59 age

group.

In 1956, Steiner and Putnoky described 9% instances
of i1solation of klebsiella from premature and newborn babies
and infants and claimed a greater frequency of this organism
becoming pathogenic. No statistical evidence, however, was
given to substantiate whether the iIncrease was a real or
apparent one. They found type A the most common and type C

the most rare.

Elsenberg and other (1958) noted that klebsiella
organisms often appear iIn respiratory seoretions in the
absenoe of specific disease, and serotypes 1-4 were more
often responsible for infection than higher types. They
studied 14 patients with penicillin-treated pulmonary iIn-
fections and failed to demonstrate a casual relationship
between penicillin therapy and higher serotype klebsiella.
They pointed out, however, that the use of antibiotics plays
a role in the seleotion of organisms in a hospital environ-
ment and the consequent establishment of a nosocomial reser-
voir. Antibiotics have thus shifted the clinical Importance
from the pneuroococcus to the staphylococcus, klebsiella and

other greun negative enteric bacteria.



In 1959» Finland, Jones and Barnes reported that
K. aerogenes as a cause of gram negative baoteraemla had
been rare iIn 1935* And had steadily risen iIn inoidenoe,
along with a rise In Pseudomonas and Proteus infections*
In 1964» Kislak, Eiokhoff and Finland reported an inter-
esting survey of 115 hospital infections in the Boston City
Hospital. Klebsiella and Aerobacter groups represented
8.7)1 of oases In which this organism occurred In pure cul- *
ture, and was found in 18.3% of all isolates. It was more
frequent than E. coll (?£)* Proteus (2.6%) and Pseudomonas
(3*5") as a cause of hospital infection. Collectively, the
gram negative bacilli equalled the Staphyloooocl (34%) in
the aetiology of hospital Infection, and as the former were
frequently found in mixed cultures an appraisal of their

specific aetiologic role was difficult.

In 1959« Rogers observed that in the New York Hospital
the enteric bacteria were the most ooromon cause of death from
infection in medical patients from 1957*1958, and the majority

of infections developed while the patient was iIn hospital.

Gill and Hook, in 1965» most oonvinclngly drew attention
to ohanges in antiblotlo resistance of several Important patho-
gens. In considering the increased prevalence of serious iIn-
fections caused by enteric bacteria, they drew attention to
the natural resistance of these strains to antimicrobial drugs,
and also to the possible emergence of resistant mutants from

originally sensitive strains, under the influence of antibiotics*



Klebsiella aerogenes is ubiquitous In nature, and was
isolated from river water Jordan (19£53)* It has been
shown to exist in soil, air, dust and oanal water (Ford,

1927). Gray ((1932) demonstrated the isolation of “lebslella
from the soil even when faecal contamination by man or animals
was unlikely] the same, organisms have also been Isolated from
drinking water, and milk, and have been shown to be trans-
mitted by flies. Clemensha (1912) found B. aerogenes to be
more prevalent iIn rivers and lakes during the wet season, and
attributed this to the rapid multiplication of this organism

in water.

Esoherloh, in 1885} first demonstrated the presence of
B. laotis aerogenes in the intestinal flora of neonates.
MacConkey (1905) studied no less than 241 lactose fermenting
strains Isolated from 23 samples of human faeoes, but only
about 1% were identified as B. lactis aerogenes. and he could
find no differences between strains of human and animal origin.
Dudgeon (1926) found J™Mlebsiella in only 5*5# of faeoes examined
and this confirmed a previous report by Levine (1921) who
summarised the results of several workers and found that only
6% of 4,000 strains isolated from human and animal faeces
were K. aerogenes type. However, Mollarl, Randall and Reedy
(1939)» working in Washington, found that, by using a prelimi-
nary enrichment media, they had a 40% isolation rate from the
faeoes of adult, healthy males. Similar figures were obtained

in Danish Infants, when Orskov (1955<$% demonstrated a 32.8%



isolation rate of klebsiella from faecal material. Among
74 capsulate Isolates she demonstrated 44 different capsu-
lar serotypes, establishing that there was no special type

frequently Isolated from the faeces of normal infants.

Once outside its normal habitat in the gastro-intestinal
tract, Klebsiella aerogenes may be associated with a diver-
sity of clinical lesions, and the literature on this will

now be summarised.

an Respiratory tract infections related to klebsiella
The literature on the Isolation and clinical features
associated with klebslella in the respiratory tract is ex-
tensive. Xn 1882, Von Frisohe Isolated a oapsulated bacillus
from cases of rhinoscleroma, and this is the first recorded

description of klebsiella infection.

In 1882, Friedlander described the presence of a
"micrococcus' i1n effusions of Fibrin from the bronchi and
from alcohol fixed sections of lung at autopsy, iIn eight
patients ranging iIn age from ten to 70 years. The following
year he characterised this organism on serum culture iIn 'Die
Mikrokokken der Pneumonie™ (1883) and noted that a live cul-
ture produced murine pneumonia. Two other authors, Etienne
in 1895 &nd Conba i1n 1896, each reported a fatal case of
Friedlanderea pneumonia in children. However, Talaman (1883),
Fraenkel (1886) and Sternberg (1885) showed conclusively that

the common cause of lobar pneumonia was pneumococcus, and
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expressed the view that Friedlander*s organism was a secondary
invader. In 1886, Veiohselbaum implicated Diplooooous pneumonia
in the majority of oases of lobar pneumonia and Friedlanderils

bacillus was relegated to a leas important role.

In 1912, Lamar and Meltzer showed that a lobar pneumonia
oould be i1nduoed in dogs by intrabronohial insufflation of
either pneumooooous or Friedlander®s bacillus. Three years
later, Sisson and Thompson (1915) reported four fatal oases
of Friedlander®s pneumonia, and In reviewing 33 oases from
the literature noted that the organism may be a primary or
secondary invader and characteristically produced a universally
fatal pneumonia, sudden in onset with severe toxaemia and
characteristic slimy sputum. They described an initial lobu-
lar distribution with mottled, marble-like appearanoe of the
lungs, progressing to a lobar distribution with abscess for-
mation and necrosis. In 1919» Zander described an epidemic
of Friedlander*s pneumonia In Germany comprising 411 oases In
four months, with 144 deaths. The highest mortality was in
the 40-50 age group, with a predominantly lower lobar distri-
bution. Bloomfield, in a series of articles (1920, 192l1a and
b), reported the results of his studies on chronic respiratory
carriage of j™lebsiella. He was unable to iInduce the carrier
state, or produoe disease iIn healthy individuals, but studied
two chronic carriers with no history of preoeding infection.
He found a 5*8% incidence of ebsiella Isolation from the

upper respiratory tract of 85 unselected hospital oases.
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Subsequently the carrier state has reoelved scant
attention in the literature, but there have been numerous
reports of pulmonary infection due to J{lebsiella* Belk
(1926) studied 18 cases and noted absoesses as early as the
fourth day of i1llness. He was the first to demonstrate their
characteristic* thin-walled appearance* Vesterroark (1926)
confirmed the presence of multiple thin-walled abscesses 1in
a case of Friedlanderfs pneumonia, and the aetiology of this
organism in chronic nasal oatarrh in children was demonstrated
by Mackay in 1927* A wider variety of pulmonary lesions was
well described by Collins and Kombluro (1929)» who described
a bronchopneumonic type of lesion iIn two cases and a lobar
consolidation in one* They pointed out that chronic iIn-
fection oould radiologlcally mimic pulmonary tuberculosis,

due to the extensive fTibrosis produced*

Ferguson and Tower (1933)» 1In describing the occurrence
of Friedlander*s pneumonia in infant twins, one of whom died,
demonstrated that the X-ray signs characteristic i1n adults
may not ooour in children. The same year, 1933, Oloott
reported five oases of Friedlanderls pneumonia with positive
blood oulture all in males aged 38-35 years* Four of these
oases had a leuoopenla and although sections of lungs showed
many bacilli, the author felt that the ability of these organ-
iIsms to exist commensally iIn the respiratory tract made 1its
role in pneumonia doubtful* This view was not upheld by Hyde

and Hyde (19"3)» who demonsrated that the incidence i1n which
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the organism can be recovered from the normal respiratory
tract was less than one percent* They demonstrated that

in a series of 51 patients with Friedlander®s pneumonia,

88% were over kO years, with a maletfemale ratio of 5*1*

The case fatality rate was much higher in those with positive

blood culture, and reached 82%*

Solomon (1937) suggested that alcoholism, malnutrition
and other debilitating factors were common in Friedlanderls
pneumonia. He noted that most of these patients had fool of
infection in the upper respiratory tract - such as dental
carles, tonsillitis, sinusitis, but as these lesions were
not cultured, the significance of these observations cannot
be assessed* Bhatngar and Singh (1935), working in India,
noted an incidence of 13% of klebsiella isolation in aoute
lobar pnenmonia, and an association with a group K pneumo-
coccus was noted, yhe latter being of low animal virulence*
Unfortunately, the klebsiella isolates were not typed, but
again these patients were all iIn older age groups* Baehr
and others (1937), working at Mount Sinai Hospital, claimed
that Friedlander*s infection was more commonly associated
with abdominal infections and urinary tract infections*

They found respiratory tract infections due to klebsiella

to represnet less than 13% of all klebslella infections and
recommended a change in nomenclature from K» pneumoniae to

K. Fried!anderi, In only two oases did clinical and bacterio-

logical studies show a primary Friedlander pneumonia, and iIn
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eeven other oases of lobar or bronohopneumonia mixed cul-

tures were obtained*

Bullowa, Chess and Friedman (1937) demonstrated a
clinical similarity between Friedlanderrs and pneumococoal
lobar pneumonia, and showed that the highest mortality rate

was among Group A (type 1) infeotlons,

Feder (1938) studied oases of Friedlander*s pneumonia
occurring iIn the Pennsylvania Hospital over a decade, and
showed an overall incidence of 8% Friedlander*s pneumonia
of all pneumonias, and an 80% mortality rate. An extensive
review of the literature from 1882-193® was made by Hartmann
(19"0) who found 57?§tality rate of 9" An overall morta-
lity of 82% was quoted in the series by Julianelle (19*1)»
with a high mortality in Group A infections, Group C being
less virulent (?$)= Frisch (19t0a, 19*0b), however, olalmed
that the prognosis iIn both pneumocoooal type 3 and Friedlander*s

pneumonia was dependent primarily on the amount of capsular

polysaooharide produced.

A chronic type of Friedlanderls pneumonia characterised
by remissions has been described. This variety followed an
episode of acute pneumonia in the case descrjped seRprately
by Berglund (192%) and Westermark (1926) and persisted for
nine years in the oase reported by BrulA and others (1927),
These authors characterised the ohrenio form as being fre-

quently mistaken for pulmonary tuberculosis, and typically
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showing pulmonary cavitation, Tfibrosis and bronchiectasis.
Muschenhelm (19*0) described a case iIn the New York Hospital
who had harboured the organism for at least four years, and had

repeated attacks of pneumonia.

Soloman (19%0), Perlman and Bullowa (19*H) experienced
a higher i1ncidence of Friedlanderrs pneumonia in older age
groups, predominantly male, and one of the earliest oases to
be successfully treated with sulphonamldes also occurred in a

middle-aged male and was reported by Sinolalr in 194le

Vylie and Klrsohner (1950), in desoriblng 16 cases of
Group A iInfection in middle-aged males, noted that half of the
oases were alooholic, and with the more frequent survival of
patients the problem of residual suppurative pneumonia requiring
lobectomy or pneumonectomy would assume greater 1mportance,
Veiss, Eisenberg and others (195*0 noted a high incidence of
middle-aged males admitted to the Philadelphia General Hospital
in 1952-1953 with /clebsiella pneumonia, and the duration of symp-
toms prior to admission averaged 31 days. Serological typing
was done, and of 21 oases three were type 1, two were type k9
and one each of types 2 and 3* Higher serotypes aocounted for
14 oases, and there was a tendency to leuoopenia. Xn contrast,
Veiss and others (1956) showed type 2 to be the most common
respiratory strain, and the authors noted that destructive lung
disease was more than three times as common with lower type in-
fection than with higher. Klebsiella of lower types was isolated

usually prior to antibacterial therapy, while higher types tended
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to emerge during penicillin or other resistant drug therapy.
They postulated that since klebsiella may be carried iIn the
respiratory tract as a commensal, decreased host resistance
may lead to infection. It may be noted that their patterns
of antibiotic resistance showed 93% of strains to be sensi-

tive to chloramphenicol, streptomycin or both,

Limson, Romansky and Shea (1956) showed roost of their
respiratory klebsiella isolates to be sensitive to tetra-
cycline, chloramphenicol and streptomycin, and demonstrated
a decline inmortality rate iIn chronic cases to 1 in 9, but
nine out of 13 acute infections were fatal, Erasmus (1956)
reported 17 oases of klebsiella pneumonia at Pretoria General
Hospital, in which he claimed that 14 oases were due to primary
infection] the rest occurred as mixed cultures in cases such
as asthma and neoplastic disease, but most cases resembled a

suppurative pneumonia.

In contrast.to previous reports (Olcott, 1933j Welss ot
al, 195*0 » the Pretoria oases showed a moderate polymorpho—
leucooytosls) all oases reoovered, Morris and Yates (1956)
stressed the importance of predisposing diseases sioh as
diabetes, in the aetiology of Friedlander9 pneumonia, con-
firmed the observations of earlier workers (Solomon, 1937?

Yow, 1952) and its resemblance to pulmonary tuberculosis, and
stressed that isolation did not prove a oausal relationship.

Kahler (1951) described a patient with bronchial carcinoma
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who developed pneumonia and proctitis due to an organism

of the klebsiella group.

In the late 190s reported of Friedlander *s pneumonia
in Infancy become more frequent. Miller, Orris and Taus
(197*7) reported for the first time cystic changes in the
lung In a three-week old infant with klebsiella pneumonia,
which responded well to streptomyoin; the organisms was also
isolated from the nose and throat. Faucett and Miller (19°8)
described six infants with mouth lesions identical to thrush
from which Kj. aerogenes was isolated, but there was no systemic
reaction to the organism, and i1ts significance here is doubt-
ful since iIn three cases Monilia albicans was also isolated.
Grotts (19*19) reported seven oases of Friedlander*s pneumonia
in Infants but unlike Miller®s cases (19*17)9 did not encounter
pulmonary absoess or cavity formation, although positive chest
signs persisted for weeks. He could only demonstrate klebsiella
in patients with pulmonary infection. All children had gastro-
intestinal symptoms, and in this series stool cultures would
have been of interest, but were not done. Levine (1950), 1iIn
commenting on infection control In premature nurseries, re-
ported klebsiella in the lungs at autopsy of premature iInfants.
Obrinsky et al (1950) brought evidence to show that the wide-
spread use of penicillin by 1950 may he producing a real iIncrease
in klebsiella infections. They described ten cases of klebsiella

infections In infants occurring over a 12-month period - throe
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causing pneumonia, fTive of sepsis, one meningitis and one
urinary tract infection, but the absolute incidence of

isolation of this organism in this series was not clear.

Thaler (1962) reviewed 36 cases of klebsiella infection
in Infants, and noted that while serotypes 1, 2 and were
usually implicated In severe respiratory diseases in adults,
any type may prove pathogenic iIn infants. A type 16 klebsiella
pneumonia in an iInfant was described. Steiner and Putnoky
(1956) described an outbreak of klebsiella infection iIn
Budapest where previous antibiotic therapy did not appear
to play any part. In a very clear dissertation, they pointed
out that the higher incidence of diseases due to Klebsiella
pneumoniae has not yet been adequately explained, and iIn the
state of present knowledge, the causal role of Klebsiella
pneumoniae could only be provent

(1) i1n positive blood or pleural effusion cultures)

(D iIn C.S.F. which shows inflammatory symptoms)

(ill) in urine oollected aseptlcally and associated
with pyuria)
(iv) 1In faeoes during a dysentery epidemic, and when the

carriers have been removed the epidemic ends.

Considerable Interest arose iIn the late 19°0s in the
mechanisms involved in the development of Friedlanderls pneu-
mpnia. Sale and Wood (191*7) produced pulmonary lesions in
white rats by intrabronchial i1noculation, and showed the pro-

gressive development of hyperaemia, consolidation and abscess



formation. An Important finding was that advanoed pulmonary
lesions were associated with heavy deposits of fibrin iIn the
alveoli, and the main differences from pneumococcal pneumonia
were (1) many more bacteria in alveoli iIn Friedlander®s pneu-
monia) (2) absoess formation was common) (3) organisation of
the alveolar exudate was much more prominent in Friedlanderls
pneumonia. In a further paper (19%7)» Smith and Wood showed
that destruction of the alveolar wall by necrosis prevented
phagocytosis from occurring, as the latter was essentially a
surface phenomenon. They also demonstrated reduction in
phagocytosis in the low oxygen concentration prevailing in

the centre of the abscesses, and failure to phagocytose bac-
teria. Frisch (197"3) stained sputum smears from oases of
pneumocoooal and Friedlander®s pneumonia, and described two
separate appearances - a non-retioulated type of sputum, and
one showing reticulation of extenslbe fribrIn network in which
organisms were interspersed/ The latter had a high case fata-
lity rate of 8 3 He claimed that the outcome iIn Friedlander®s
pneumonia depended on the degree of reticulation and the
amount of capsular material produced. He claimed that bacterlo
stasis iInduced by chemotherapy reduced the amount of poly-

saccharide produced.

Oskov (1955a and b), In a series of papers on serological
investigations in the klebslella group reported that 102 out
of 350 sputa samples from hospital patients grew klebsiella,

and these belonged to a minimum of 61 different antigenic types
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She found types 1-6, whloh other authors had found especially
often iIn the respiratory tract, in only 16 .6£ of her oases.
Other serotypes found in sputum were 16, 26, 29» Al, A7 and
68 - four oases each. Epstein and Friedmann (1953) studied
50 strains isolated from patients at the Institute of
Laryngology and Otology in London. Only &) of patients har-
boured pure klebsiella iIn the ear and upper respiratory tract,
and 21 of 26 typ&ble strains were serotype 1; they considered
these strains to be primarily pathogens. The authors also
Isolated aoapsulate strains in pure cultures from infection,
thus confirming the statement in Wilson and Miles (196A)

that capsule formation is often associated with, but not
essential for virulence. In contrast to the findings of
Epstein and Friedmann (1953) on the pathogenicity of type 1
strains, Dubay (1960) deteoted type 1 in 0,” of 1,000 normal
subjects, 1In the upper respiratory tract, and the same iInci-
dence of type A klebslella was found. However, in 30 patients
with chronic pulmonary disease, types 1, 3 and A were also

isolated. .

Footer and Bragg (1962) classified 50 klebsiella isolates
from sputum, i1n terms of severity of clinical signs, and found
that both K™ aerogenes and IL edwardsii v edwardsii occurred
in the lung at necropsy associated with abscess formation, but

while IC. aerogenes could be associated with trivial Infeotion,
K. edwardsii v edwardsii was iInvariably highly virulent.
Their incidence of Isolation of klebsiella at Dudley Road

Hospital ,Birmingham, in 1962, was 50 out of 900 sputum samples.
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In Helsinki, M&kitalo and Vidholm (1962) attempted
to determine the extent to which hospital personnel were
nasal and pharyngeal carriers of Intestinal organisms.
They studied 450 individuals, of which 142 (32$) carried
an organism normally constituent in the bowel flora - 24
of these 450 individuals were nasal or pharyngeal carriers
of Klebsiella. Kossowski and others (1964) examined the
nasopharyngeal secretions of 81 patients, and of these
Klebslella was i1solated in 56 patients. They appeared,
however, to be working predominantly with oxena patients
since a chronic fetid atrophlo nasopharyngitis associated
with Klebslella serotype k infection was demonstrated in
the patient group, and this serotype was not found iIn
healthy controls. Darrell and Hurdle (1964), iIn a bio-
chemical survey of Klebsiella isolated from chest infections,
found K. aerogenes was the biochemloal type most frequently
isolated, but expressed the opinion that this species was
of doubtful pathogenlolty in sputum, and frequently appeared
following antibiotic therapy for other organisms. They
stressed that i1t should be clearly distinguished from other
Jllebsiella species occurring as primary pathogens iIn sputum,
vis. Klebsiella edwardsii-edwardsii. Klebslella pneumoniae
and Klebsiella atlanta. and for these latter, more virulent
species, they suggested the collective term "Friedlander®s

bacillus”e

In July, 1963, the U.S. Department of Health Education



2k

and Welfare reported an outbreak of 18 oases of klebsiella
pneumonia in a psychiatric hospital in Washington, D.C.

In six of the fatal oases, pneumoniae was isolated from
purulent material from the lungs at autopsy. No information
of the serotype isolated In these oases was given, SO no

conclusions as to cross-infection can be drawn.

Nagesha and Laxman Pai (1966) Investigated 363 cases
of broncho-pulmonary infection and i1solated klebsiella from
61 of these) their iInvestigations, however, were largely

biochemicale

Davis and Woolhouse (1966), working at the University
of Lagos, found that the majority of klebsiella isolates
from clinical material were aerogenes species, and pointed
out the need for further information on the role of these
bacteria* and other enterobaoterlaoceae i1In human disease.
In 19°8, Burns demonstrated the presence of precipitins to
klebsiella and other enterobaoteria in the serum of patients

with chronic respiratory disorders.

An excellent and comprehensive survey of klebsiella-
enterobacter-serratla infection oocurring in the Boston City
Hospital in 196*1 was reported by Stelnhauser and others
(1966). Of 205 i1solates of klebslella, types 1, 3* % and
3 were more frequently associated with infections of the res-
piratory tract, but only two of the I% patients from whom these

four capsular types were Isolated had lobar infiltration
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characteristic of Friedlanderes pneumonia* In roost patients
these types were associated with either bronchitis or broncho*
pneumonia* Twellve of the 16 strains of type 2 |<lebsiella
isolates in this survey were associated with urinary type
Infections, and type 24, which was the commonest type isolated,
was almost exluslvely associated with urinary tract infeotlons*
The authors noted a predominance of males over females in
their series* Klebsiella type 2 tended to be of major sig-
nificance in illness more often that the other strains* About
half the organisms of respiratory tract origin were contributing
but not major factors in the clinioal i1llness; but this assess*
ment was, of course, subjective. B
\'D)] Klebslella Infection in the Urinary Tract

Denys (1892) reported B* aerogenes i1n urine and
attempted to correlate i1ts presenoe with similar organisms
in the faeces of children* In 1894, Nicolaier reported renal
tract infection due téﬂénoapsulated bacillus* The probable
intestinal origin of these infections was emphasised by
Goldberg (1895) and the role played by retention was First
emphasised by Guyon in 1889* Trumpp (1896) described 29 oases
of cystitis i1n children due to B* aerogenes, and Montt*Saavedro
(1896) also reported cases of "ystltls due to this organism.
Differential baoterlal cultures of urine were reported by
Rostoskl (1898), Brown (1902), Lenhartz (1907) and Raskal

(1905)« but these articles are mainly now of historical iInterest*

A comprehensive review of the literature was made by Luetsoher
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(1911) but he claimed that the incidence of B» aerogenes
In urinary tract infections was overestimated* This was
not confirmed by Meyer and Hinman (1920), Lacy and Murdoch
(1922), nor by Hill and his co-workers (1929). The Ilatter,
working at John Hopkins Hospital, Baltimore, studied 200
cases of urinary tract infections due to gram negative
coliforms, and found Klebsiella aerogenes to be the second
most frequent Isolate (E, ooli « 100 oases, K> aerogenes *
79 oases). Their observations were substantiated by
adequate bioohemioal classification, and they stressed the
importance of demonstrating capsulation, which could be

shown in 90# of their oultures of K, aerogenes.

A lower 1noidenoe of |<lebsiella in the aetiology of
urinary tract infeotions was reported by Gondolf and Stringer
(1929) who found only a 22# incidenoe in their study of 50

casese

A wider approaoh, from the Publio Health standpoint,
was made by Burke->Oaffney in 1933* who found that of 1,000
urinary strains of oollform bacilli, 52# were aerogenes*type
on a biochemical basis,and of $00 faeoal oultures, 8# were
aerogenes, thus establishing that in bacterial examination
of water, the presenoe of Arobaoter aerogenes could not be

regarded as non-exoretal iIn origin.

In the late 19°0s several articles dealt with the

frequency of Klebsiella aerogenes infection in cases of
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urinary rBtontion — which had first been demonstrated by
Ouyon (1889)* Petroff and Lucas (1946) studied 87

patients with neurogenio bladders and A, aerogenes was by
far the oomroonest pathogen (39%)* Warner (1948) found that
64% of infections of the urinary tract in paraplegics were
due to K. aerogenes, compared to only 243% due to E+¢ colic«
and pointed out the Increased resistance of Kj, aerogenes

to 200 units of penicillin oompared to coli. A com-
parative incidence of the two organisms in two different
groups of patients was well demonstrated by Coleman and
Taylor (1949); they studied 100 consecutive cases of pyuria,
and in 60 cases where no gross lesion of the urinary tract
was present, E. coli represented the commonest pathogen -
49/60 oases, compared to 1/60 due to klebslella. Where
infection was shown to be secondary to a surgical or medical
condition affeotlng the urinary tract, the inoidence of
klebslella was 18740 oompared to E”™ coli 7/40. The authors
suggested that in the absenoe of a gross lesion, urine flows
too freely to allow bacterial multiplication, but where there
was urinary stasis, saprophytes could flourish. This makes
no attempt to suggest why "pathogens” should not equally
flourish in static urine. However, the increased incidence
of X aerogenes over coli has been certainly confirmed -
Owen and Tinoh (1949) demonstrated a 62.43% incidence of K.
aerogenes in urinary infections in paraplegia; Milner (1973)

showed aerogenes to be the commonest lactose fermenter
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Isolated from the urine of male paraplegicsv and Levy-
Bruhl and Viala (1935) found the urinary tract to be

the most frequent site of disease due to Friedlander*s
bacillus following blood stream invasion, and noted that
localisation was facilitated by any anatomical abnormality*
A case cf perirenal abscess due to Klebsiella aerogenes
was reported by Kindall (1941), and in 1949 Vilhelm and
Orkin reported a striking increase iIin the incidence of
urinary tract infections caused by klebsiella in the Beth
Israel Hospital* In t940-41 this organism represented »
7*4f& of the wurinary tract infections, whereas by 1945-48
it had risen to 49% - In the latter period 126 oases were
studied, four had positive blood oulture and the authors
postulated an increase Iin virulence in the organism because
its isolation was becoming associated with more clinical
signs and symptoms. This may well have been due to the
fact that only 12 cases were available for study in the
1940-41 group. In a later paper from the same hospital,
Vilhelm and others (1949) showed that 8yji of strains of

K. aerogenes from the urinary tract were streptomyoin re-
sistant, and in this group they reported 24 oases of

baoteriaemia with seven deaths.

In 1951> Vorfel and Ferguson isolated a new Klebsiella
serotype 15 from faeoes of infants in an epidemic of gastro-
enteritis in Michigan, and isolated a similar antigenic

strain from a catheterlsed bladder speolmen of urine. Orskov»
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in a series of articles from Denmark (1952, 195**~ and
195**c) also examined urinary isolates of /{lebaiella
serologically* She studied 322 strains of [4”absiella

from various hospitals in Copenhagen, and ole&rly demon*
strated nosocomial infection in a ward where type 8 was

the predominant strain* Fifty per cent of 67 patients
treated with indwelling catheters were infected with

type 8 within two weeks following oatheterisation* frfrskov
(19s5::p) demonstrated type 8 in the faeces of one of these
patients as well as from cleaned urinals, but ten sterilised
catheters gave no growth. Eleven of twenty-one patients
infected with klebsiella, who were treated by general prac-
titioners appeared to have been infected in a clinic with
the same endemic type* Ormkov pointed out that adequate
precautions are necessary to prevent urinary cross infections

in hospital patients*

It was demonstrated by Dutton and Ralston (1957)
that organisms could be transferred from the catheter of
one patient to the catheter of another by the hands of atten-
dants* It is possible that symptomatic baoteriuria follows
oatheterisation with great frequenoy, since Kass (1956)
showed that significant numbers of bacteria could be found
in the urine of patients who had no urinary symptoms. Kass
also showed (1955) (1956) that the use of an Indwelling
catheter led to baolllurla within four days in 95% of oases

and prophylactic antibiotlo therapy was ineffective in its



prevention. Hospital acquired urinary traot infections
were shown to be more resistant to antibiotics than in-
fections acquired elsewhere - Kirby, Cerpron and Tanner
(1956), and Lattimer, Seneca and Zinsser (1959) demon-
strated an increased Increase in chronic urinary infections
since the advent of antibiotic therapy, and noted a rising
mortality due to klebsiella septicaemia. Lattimer and his
ooworkers (1959) clearly demonstrated induction of tetra-
cycline resistance in aerogenes and when grown in sub-
inhibitory oonoentrations of tetracycline, four strains
achieved a resistance of 850 mcg/rol - far beyond the reach

of therapeutic blood levels. They concluded that this was
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the probable explanation of the Increase in number of chronic

clinioal infections.

HOJO (1965), working in Japan, studied 27 patients
with chronic urinary tract infeotlons and oould type only
11* of these strains using antisera types 1 - 72, sO no

conclusions of type incidence oould be drawn.

Steinhauser, Eichoff and others, in 1966, demonstrated
that of 142 urinary traot isolates of klebslella, 124 were

typable, and the type incidence was as follows t

Types 1, 3, 4, 5 3 oases
Type 2 12 cases
Type 9 8 oases
Type 19 9 cases

Type 20 7 cases
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Type 21 - 6 oases
Type 24 - 35 o0ases
Type 27 - 5 oases
Others - 39 o0ases
Non-typable - 18 oases

Thus, apart from a predominance of* type 24, a wide variety
of serotypes of klebsiella oould be incriminated in urinary
traot infections. Their report covered klebsiella isolated
from various clinioal sources, and of 16 strains of type 2
klebsiella, 12 came from urinary traot infections. The
serotypes 1-4 had hitherto been generally associated with
respiratory traot origin. Over 50# of their patients were
70 years or over, but only 43# of patients with infeotions
due to klebslella types 1, 3» 4 and 5 were over 60 years,
whereas 70# of those who had type 24 urinary tract infections
were over 60 years. The lowest proportion of patients with
associated major lllness (44#) was among those with klebsiella
type 2 infection, and the highest (80#) among those with
klebsiella types 1, 3» 4 and 5» but as the authors pointed
out, the total number of observations was small (14 in types
1, 3» 4 and 5 groups and 16 in type 2 group). However, this
paper is of great Interest as it presents recent data on
Incidenoe of various klebslella serotypes isolated from
different sites of infection. They also established that
few of the low klebsiella types were hospital acquired in
contrast to type 24, 88# of which were definitely hospital

acquired infections.
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(IV) Klebsiella in the Genital Tract

In contrast to the extensive literature on urinary
tract Infections due to klebslella, this organism has not
been extensively reported in Infections of the genital
traot. An Incidence of 3*5# was reported by B&ehr, Schwartz-
roan and Greenspan (1937)t and other case reports where K.
aerogenes has been incriminated In infections of the female
genitalia have been made by Scheyer (1926) (1933), and

Reichart (1921),

Hepp (1936) described a type A klebslella where the
primary focus of infection was the lungs, spreading to cause
postoperative wound abscess, salpingitis and peritonitis
after abortion. Another case of acute salpingitis due to
K. pneumoniae was reported by Botsford and Kinney (1976),

the patient being an 80 year old female,

Gordon, Hughes and Barr (1966) made an interesting
survey of the varied nature of the vaginal bacterial flora
in the presence of Trichomonas vaginalis infection, and in
severe inflammation states. They noted a more frequent rate
of isolation of the enterobacterlaceae, as well as anaerobic
streptococoi, mycoplasma and vaginalis in cases of severe
inflammation, as well as T, vaginalis infection, and these
are presumably due to alterations in vaginal pH. No
especial mention was made of klebslella isolates in this

seriese
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Klebslella associated with abscess formation
One of the cases included in this survey was a fatal
case of klebsiella liver abscess (Talerman, Finnie and

Wontumi (1968)).

Since 190, klebslella has been incriminated in 19
cases of liver abscess * Boettiger, Weinstein and Wern
(1970)] Rooher and Dubarry (1971)] Kinney and Ginsberg (19**3)]
Norman and Binford (19%¥3)V Sheridan (1975)1 Sweden and
Llljestrand (1975)1 Davidson (1978); Bordes (1979)l DiFiglia
and Cramer (1951)I Boardman and O'Brien (1961){ Sharma and

Singh (1966).

As pointed out elsewhere (Talerman, Finnie and Wontumi,
1968), the great majority of these cases occurred in adults
and were often associated with other debilitating conditions
such as agranulocytosis, diabetes or biliary tract disease-
Serotyping of the klebsiella organism isolated was only done
in three cases - Kinney and Ginsberg (197*3) and Boardman and

OfBrien (19*>1)*

Oooasional cases of prostatlc abscess due to klebsiella
have been reported* The first publication of this type of
infection was by Tennenbaum and Ravid (1936), who described
a 45 year old diabetic male with a urethral discharge, urinary
infection, blood culture and CSF all showing Friedlander's
bacillus. At autopsy there were multiple prostatio abscesses

and pyaeroic abscess in the lungs and kidneys with Incipient



hydronephrosis, Pfeiffer (1937) desoribed a case of*
klebsiella prostatic abscess with blood, faecal and
urine cultures also positive for pneumoniae. No
typing or biochemical results were given in tliis report,
so we cannot conclude that the same strain was isolated

from all sources,

Xn 1977, Solomon reported three fatal oases of
wound infection with Friedlanderls bacillus, followed
by meningitis. The mode of spread of the organism to
the meninges in these three oases is of interest ~ in
one it was secondary to bacteraemia, in another there
was direct extension through a torn duramater, and the
third followed rupture of a brain abscess. The author
was of the opinion that these wound infections were
hospital acquired, Swartz and Rohde (1976), in. their
report "Klebsiella infections in an Army Hospital",
drew attention for the first time, to the relatively
high incidence of klebsiella in osteomyelitis resulting
from war wounds. They reported on 189 patients who had
gunshot wounds in the extremities - when the medullary
cavity was cultured at the time of sequestrectomy, 13
oases (6,8 of all cultures) grew Friedlanderls bavillus
group A, The authors claimed that the klebslella bacillus
was one of the most Important organisms in osteomyelitis
due to war wounds, and stressed the need for awareness

on the part of laboratory workers in the identification

3*
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of ella from sites other than the respiratory tract.
1 ) STANNE W 2 «, "*/iT > NT * AR - s

Lemke and Oates (1951) reported on the distribution
and antibiotic sensitivity of 55 strains of K. pneumoniae.
5**5$% were isolated from the respiratory tract and the

renaining ~5*5% from other sources such as osteomyelitis,

abscesses and wound infections. Thirty-two of the 55
isolates were resistant to 100 ]jgm/ml of penicillin, and
only .one strain Was inhibited by 1 jjgm/ml. Chloramphenicol

was reported as being the most effective drug in treatment.
The importance of the gram negative rods in postoperative
wound infection in Cardiff was reported by Quick and
Brogan (1968)l in 117 postoperative wounds, 11% developed
infection and more than half of these were due to gram
negative rods* The authors classified the degree of wound
infection, and in 13 cases showhg frank infection, one was
due to K. aerogenes and was thought to have contributed to
a fatal termination. B. coli predominated as the pathogen
in this series, but the diverse biochemical and serological
reactions obtained suggested that many strains were involved.
No gram negative rods were isolated from any of the pre-
operative skin swabs. The authors pointed out that pre-
viously little work had been done to produce experimental
evidence that gram negative rods can cause soft tissue
infeotions in their own right, and they demonstrated that

all the gram negative rods iIn their series were capable of
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causing lesions in the gluteal muscle of mice - but
could demonstrate no correlation between the extent

of the lesion and the number of organisms injected,

(V) Meningitis associated with K, aerogenes

An excellent review of the literature to 1931
on this aspect of klebsiella infection was made by
Rothsohild (1931)- It is interesting to note that cases
were being described at the end of the 19th Century before
the praotioe of lumbar puncture was known - Veiohselbaum
(1888) and Mills (1892) obtained the organism from the
meninges at autopsy, and a very early case of otitis
media and mastoiditis was described by Brunner in 1896,
Malis (1930) described a fatal case of klebsiella menin-
gitis secondary to otitis media, Rothsohild (1931) des-
cribed the first case of klebsiella meningitis in which
recovery occurred. The infection was in a 34 year old
adult, where subdural absoess occurred seoondary to otitis
media and m astoiditis. Cultures from the subdural absoess
and CSF were biooheroioally typical Friedlander*s bacillus,

and the viscous nature of the CSF was noted.

Neal (1931) reviewed 2,000 oases of meningitis which
had come under the surveillance of the New York Department
of Health, and only two of these were due to Friedlander's
bacillus. Two years later, in 1933» Fothergill and Sweet

reported only one case of klebsiella meningitis in a series
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of 705 oases (0*1*#), and this was in a four-week
infante Another case in an infant was reported by
Mori (19**3)» the patient recovering after sulphona-
mide therapy* In 1976, a fatal oase of klebsiella
meningitis was reported by Tartakofff where the CSF
became markedly less viscid after streptomycin therapy,
but pulmonary embolism led to a fatal resulte At
autopsy there was evidence of a Mearly healed” menin-

gitis,

Jacob and Top (1978) reported seven oases of
Friedlander's meningitis, five of which were fatal,
three of these five had klebsiella septioaemla, two
of the patients were diabetic and in five out of the
seven the primary foous of infection was the middle ear*
The authors postulated that bacteraemia in the presence
of meningitis indioated a graver prognosis than in
pneumonia* Their two patients who survived never had
positive blood cultures* Their work was done in the
Herman Kiefer Hospital, Detroit and Henry Ford Hospital,
and some indication of the rarity of klebsiella meningitis
in these hospitals is illustrated by the fact that over
a 19 year period, only seven out of 3i377 (0.02th) cases of
meningitis were due to klebslella* The age range of these
seven patients was 39 * 56 years, and five were males*
Three of the seven cultures were reported as type A - no

information was given on the serotype of the other cases*



Ramsmeier and Major (19**3) described a fatal
case of jElebaiella septicaemia and meningitis in a
73 year old male. The organism was serotype B (type
2) and in this patient at autopsy miliary absoesses of
the myocardium, liver, kidney and cultures from the
blood, meninges and bronchi yielded an organism
identical to the isolates from the blood, urine and
CSF before death. The authors, in reviewing a further
29 cases from the literature, noted that £lebsiell%
meningitis occurs chiefly in infants, and in adults
after the fourth decade, where it is frequently
associated with debilitating lesions. In over half the
cases reviewed in adults, Infection of the middle ear,
mastoid and sinuses were regarded as predisposing
causes, and in the infant group the primary lesion
was unknown. Pneumonia was considered a precursor in

only five oases and pharyngitis in one.

In the same year, 19**3» Jaffe noted that most
emphasis had been placed on the pulmonary lesions pro-
duced by Friedlanderes bacillus and described two inter-
esting oases to demonstrate that Infections may arise
from foci other than the meninges, respiratory and

renal traots. Jaffe*s first case was a diabetic, with
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severe localised abscesses of lateral and medial m alleoli,

and over the don un of the ankle - all associated with a

pure growth of K. pneumonia Group A (type 1)e Mid-thigh
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amputation was required after accumulation of pus in

the fascial spaces and muscle tissue of the entire leg,
and this pus again yielded pure culture of group A
klebslella. The second case was of gangrene of the gall
bladder and subphrenic abscess, which yielded pure cul-
ture of pneumoniae. Both oases were cured by sulphona-

rofcde therapy and surgery.

(Vi) Klebsiella septicaemia

The literature on the actual incidence of Klebsiella
aerogenes in cases of septicaemia is very sparse. In 193**,
Kolmer noted that klebslella septicaemia was rare and Meyer
and Amtman (1939) reviewed the literature to that time and
noted that 109 oases had been reported. Knorr et al (1953)
reported a case of septicaemia secondary to hepatic cirrhosis,
which at autopsy revealed diffuse purulent peritonitis,
pyaemio abscesses and meningoencephalitis. Since 1956
there appears to have been an Increase Iin bacteraemia due
tc the gram negative conforms, including klebsiella; Koch
(1956) described 50 oases, all males, with gram negative
bacteraemia in 60% of which some urological manipulative
procedure had proceeded the baoteraemla. Malztegul,
Biegeleissen, Cherry and Kass (1965) studied 100 patients
with gram negative septicaemia. Klebsiella was the second
commonest organism isolated - 30% of oases (iD™ ooli 35%).
This is the only study where detailed serotyping was done
- 15 capsular serotypes of klebsiella were Isolated, the

commonest being types 2, 21, 2*, 25 and 5**.



Unterman and others (1957) noted that Aerobacter
aerogenes was recovered from the blood immediately after
sigmoidoscopy in one in $0 patients. Weil and Spink
(1958) reported on 400 patients at the University of
Minnesota Hospitals in the five year interval 1950-1955»
all of which had had gram negative organisms recovered
from blood culture. In 278 of these oases the bacterio-
logical findings correlated with the olinioal course,
indicating that bacteraemia existed, i.e. the results
were not due to contamination. There were 165 deaths in
this group, klebsiella being incriminated in 35 of these,
and a less frequent cause of death than pseudomonas (kk
cases), proteus (41 cases) and E. coli (37 cases).
However, it is Interesting to note that when mortality
rates are compared with Isolation 35 out of 59 isolates of
klebsiella were fatal, i.e. 59% compared to only 35% of

pseudomonas, *»2% of proteus and 20% of coli.

An eight year survey of gram negative bacteraemia
was carried out by McCabe and Jackson (1962a and 1962b). Of
173 episodes of bacteraemia in this eight year survey, the
commonest organisms incriminated were Ej® coli and Aerobacter
aerogenes - eaoh 28%, pseudomonas 18" and proteus 5%* The
authors found a progressive increase in fatalities and
Aerobacter aerogenes bacteraemia ooourred most frequently
in males after genito-urinary operations. Seventy percent

of the patients acquired the bacteraemia in hospital, and



this group had a higher mortality. Thirty-eight percent

or all oases had had antibiotics prior to infection.

Rogers, Koenig and Holmes (1965) noted a five to
eight fold inorease in gray negative sepsis over the pre-
vious 20 years. Factors which they considered to be con-
tributory were advancing patient age, frequent catheterl-
sation, and wider use of antibiotlos which had altered
the intrinsic protective bacterial flora In many patients.
They also pointed out that gram negative bacteraemia was

predominantly hospital acquired.

Antibiotic resistano# frtudies on Klebslella species

In view of the postulated aetiology of antibiotics
in the increasing infections caused by the gram negative
bacilli, it is relevant to consider the more Important
papers on this subject. Relmann, Price and Ellas (19*»5)
noted that orally administered streptomyoin was almost
entirely exoreted in the faeces and could suppress a growth
of streptomyoin resistant collforms, but these reappeared
within a few days of cessation of therapy. Heilman (19*15)
studied nine strains of Klebsiella, and demonstrated pro-
teotion of mioe by streptomycin, to 1,000 - 10,000 times

the lethal dose of Klebsiella.

Sohoenbaoh (19**9), in comparing in vivo minimal in-

hibitory concentrations of aureomyoln, Chloromycetin and
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polymyxin against klebslella, showed that polymyxin was
sost effective, with s N,Z«C, of 0.312 - 1.23 micrograms/
mi compared to aursosiyein and ohloramphenicoi 9 which had

a N.Zz.C. range of 1.25 - 5 mlorograas/mle

Coffey, Schwab and Rhrlloh (1950) demonstrated that
klebsiella oould aoqulre resistance to chloramphenicol
in vitro after successive exposure to greater concentration

of antibiotic*

Eisenberg, O'Louglin and Pllppin (195*0 studied 305
klebslella isolates from various sources, and from all
sources the highest incidence of sensitivity was to chloram-
phenicol. Types 1-*» were most sensitive and type 7 least
sensitive to antibiotics. Epstein (1959a), in a biochemical
analysis of 82 klebslella strains described an anaerogenic
type 3 strain which, unlike all other klebsiella strains,
was sensitive to erythromycin, oleandomycin and novobiocin*
Coppo (1957) oonflrmed the relative resistance of aerogenes

strains to novobiocin*

Resistance transfer to streptomyoin was demonstrated
by Hughee (1961) using streptomycin when a population with
Increased resistance ever the parent strain emerged. When
these two strains were grown together and retested, a uni-
form population was found to be present, with streptomycin

resistance intermediate between the initial two.
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Koch and Rost (1966) compared the resistance of
klebsiella9 aerobacter, eloaca and serratia to 30 ug
cephalothin and 10 ugm amplezllin. None of 25 strains
of klebslella were resistant to cephalothin in contrast
to 92£ resistance in aerobacter and 100J& resistance in
the cloaca group* Ampleillin, however, failed to in-
hibit the growth of 7%f» of the klebsiella strainsf 72fh
of the oloaoa strains9 but was more effective for serratia
which only had 36£ resistance?* In 19639 Fleming demon-
strated that the ensyme cephalosporlnase, which is highly
active against cephalosporin C could not be demonstrated
in klebsiella9 but could be produced by aerobacter and

serratia*

Benner9 Klcklewalt and others (1965), working at
Beattief studied 161 klebalella-aerobaeter strains and
found that all non-motile klebslella were susceptible to
cephalothin and eephalorldlne, in contrast to the motile
aerobacter, which were highly resistant* One other point
of Interest in this paper was that one third of the
klebslella strains were resistant to tetracycline9 chloram-
phenicol9 streptomycin, kannamyoin, furadantln and sulphona-

mlde*

Eickhoff, Steinhauser amd Finland (1966) studied in
vitro susceptibility of 256 strains of klebslella to 16

antibiotics* Oentamycln was the most aetive9 with 90£ of
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strains Inhibited by 3.1 fjg/ral. Kanamycin, neomycin and

¢ 'sp|" "\r WV e 'R m o >V I
paromomycin were next moat aotive, but about 16% of
Klebsiella strains were resistant to 100 ug/ml of kanamycin.
About half the strains were resistant to streptomyoin,
chloramphenicol and tetracycline. Types 1 to 5 were more
sensitive to tetracyollne, chloramphenicol and strepto-
mycin than were the other types. Type 24 was much more
resistant than the other types. The authors also demon-
strated that respiratory traot strains were more sensitive
to cephalothin, chloramphenicol, tetraoyoline* streptomycin
and, to a lesser extent, polymyxin B, than strains from
other sources, whereas there was no difference in sensi-

tivity to kanamycin and neomycin when the eouroe was con-

sidered.

The value of kanamycin in treating Klebsiella infection
was stressed by Bulger (19<>7), who studied 25 clinical iso-
lates and found only two kanamycin resistant strains,

Bulger demonstrated synergism for 13 of the 25 strains

with kanamycin and oephalothln, and no antagonism was ob-
served, However, with one strain, rapid in vitro resistance
developed with both kanamycin and cephalothin, and this was
delayed when the combination was used. The author recom-
mended that, despite its toxicity, kanamycin should be con-
sidered when selecting a chemotherapeutic agent to treat a

severe Klebsiella infection.
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Primary cultures of Klsbslella aerogenes were
collected from MacConkey plates, and stored on V- rfel

Ferguson slopes at i»°C, in sealed Bijou bottles.

kcrfel Ferguson media (Difco)

Sodium chloride 2.0 ¢
"OMAV Xt VRAT K jfc; B 3

Potassium sulphate 1.0 ¢
Magnesium sulphate 0.25¢g
Saccharose 20.0 ¢
Yeast extract 2.0 g
Agar 15.0 ¢

**0.3 g. medium was rehydrated in 1 litre of cold dis-
tilledwater, and heated to boiling to dissolve.
Media was sterilised for 15minutes at 121°C.

| Sormy

o <
The source of Klebslella Isolation was noted,

and the following biochemical tests were done on all
specimens t

1. Acid and gas from glucose and lactose.

2. Methyl red and Vogee Proskauer reactions.

3* Ability toutilise citrate.

4. Urease production.
5« Gluconate and malonate tests.
6. Lysinei arginine and orthlnine decar-

boxylase production.



7. " Production of acid from dulcitol.

8, Ability to grow on KCN.

9* Motility.

10. Acid and gas production from adoni-
tol, starch and glycerol.

11. Indole production.

12. Gelatin liguefaction.

The nomenclature proposed by Cowan and Steel
(1I960) is used throughout this work. Only non-motile
strains were included in this series, and only strains
showing typical K. aerogenes biochemistry, or deviating

from this in not more than three tests were studied.

Sugar Fermentation
Acid and gas production from glucose, lactose,
adonitol, starch and glycerol, and acid production from

dulcitol were tested.

All media for sugar reactions contained 5 g.
sugar per litre of base. Bacto purple broth base was
reconstituted to 16 g. per litre of distilled water.

The indicator was Brom-cresol purple.

All sugars after inoeulation, were incubated at
37°C and read at 2k and k8 hours. Negative sugars were
relncubated for up to 11 days, and read dally. Starch

fermentation was read initially after four days and

reincubated for up to 171 days.
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Methyl Red and Voges-Proskauer Tests

Bacto methyl red Voges-Proskauer medium re-
hydrated to 17 &+ par litre distilled water*
Distributed in 10 ml volumes in screw top bottles
and pH adjusted to 6;9* Inooulated cultures were

Incubated at 37°C for 48 hours.

Methyl red test performed as in Cowan and

Steel (1965).

Positive control - Escherichia coli
Negative control - Enterobacter cloaoae
Voges-Proskauer test .

Voges-Proskauer test performed by Barri-tt's
method (1936) as described in Cowan and Steel (1965)*
Positive control - Enterobacter oloacae

Negative control - Esoherichia coli

Citrate Utilisation Test
Bacto-Simmon8 Citrate Agar - 24.2 g. per litre
distilled water) pH adjusted to 6*8. Test performed

as in Cowan and Steel (1965) modified from Simmons (1926).

Urease Production

Bacto urea agar base 29 g* dissolved in 100 ml
distilled water and this concentrated base filter steri-
lised. 15 se- Bacto agar dissolved in 900 ml distilled

water by boiling, and sterilised at 15 Ibs. pressure for



15 minutes (121°C). The media was cooled to 50°C and
100 ml of filter-sterilised concentrated Bacto-urea
agar added aseptieally, Final reaction pH 6.8. Test
performed as in Cowan and Steel (1965)*

Positive control - Proteus vulgaris

Negative control - Salmonella typhl

Gluconate broth was prepared as follows t

Peptone 1*5 g
Teast extract 1.0¢9
INHPOA 1.09g
Potassium gluconate 40.0 ¢
Distilled water 1,000 ml

Solids dissolved in water by heating) pH adjusted to
7. Mixture was filtered, and sterilised at 115°C for

20 minutes, and dispensed in 2 ml volumes in cotton-

a
top tubes. Inoculated broth was Incubated at 37 C for

48 hours. 1 Clilntest tablet was added (Carpenter

(1961)) and media was observed for formation of brown,
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orange or tan precipitate, indicating a positive reaction.
Positive Control - Klebsiella aerogenes
NCTC 9142
Negative Control - 1. coli

Malonate U tllIL .tlon

Malonate test was performed as in Cowan and Steel



(1965) by method of Shaw and Clarke (1955)*

Positive control - Klebeiella aerogenes HCTC 9142
Negative control - Proteus vulgaris
Decarboxylase medium base - Difoo. The rehydrated

medium was distributed In four equal volumes, sterilised

at 115°C for MO minutes and the following additions made

1e L arginine HCL ZX&
Mm L lysine HCL 1*
3* L ornithine HCL 1*
4. No addition.

pH adjusted to 6. The four media were distributed In

1.5 ml volumes in 3 x ~/8” tubes containing liquid para*

ffin

using

to a height of 5 ®».

Testa were performed by Miller's method (1955)
the following controls 1
Arginine >Lysine Ornithine

Proteus vulgaris - - -

Proteus n)orfi-anl]® * * .
Klebsiella aerogenes - + -
Salmonella typhl ¢ + ? -
g.l»<m .IX« typhlauriui ~ e o 9.
KCN broth prepared as follows t

Peptone 39

NacCl 59
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kh2po4 0.223 e

N*2HPO]|2H20 3.64 o)

Distilled water 1,000 ml
The solids were dissolved in the water9 filtered
and distributed in 100 el voluees in screw capped
containers. Sterilised at 113°C for 20 ninutes.
Before use, 1*3 nil of freshly prepared 0.5% KCN
solution was added to 100 ml base and the mixture
distributed in 1 ml amounts into sterile Bijou
bottles. Method of Miller (1954) and Rogers and
Taylor (1961) used. Cultures read after 24 and

4a hours.

Positive oontrol - Klebslella aerogenes NCTC 9142
Negative control - E. coli
anuu& x

Motility was tested by the use of semi-solid

motility media by the method of Edwards and Bruner

Po.ltlv. control - Prot.u. vulgar!.
N.gatlv. c.ntrol - m .b.I.XI. m m w m i NCTC 91*]2
Gelatin Liquefaotion N/ ;

Nutrient Gelatin

Beef extract 39
Peptone 5s
Gelatin 120 g

W ater 1,000 ml



Gelatin was added to the water and mixture etood
for 15 minutes to dissolve gelatin. The other con-
stituents were added and pH adjusted to 7» Steri-
lised at 115°C for 20 minutes.
Methodl Nutrient gelatin inooulated with a straight
wire and incubated at 37°C for 14 days.Every three
days medium was cooled to 4°C for twohours and
examined for liquefaction.
Positive control - Serratia marcescens
Negative control — Uninoculated tube Incubated

for same time as test culture

Indole Test
Bacto-tryptone medium. 0.2 ml Kovao's re-
agent added to 5 ml of 24 hour culture.
Positive control - E. coli

Negative control - S. typhi

Antibiotic Sensitivity Tests
Sensitivity tests were performed on Mueller
and Hinton agar, using bacterial broth suspensions

prepared as described by Bauer, Kirby et al (1966).

Klebslella cultures Isolated from urines were
tested with Oxold multi discs 1186E, containing the
following concentrations of antibiotics 1

Penicillin 5 ®cg

Streptomycin 25 meg



Tetracycline 50meg

Chloramphenicol 50 meg
Sulphonamide 300 meg
Furadantin 100 meg
Polymyxin 250 meg

and in addition, the Following single-discs were

uaed 1
Mast Lab. Ampioillin 25 meg
Upjohn Albamycin T ) Novobiocin 15 meg
) Tetracycline HCL 15 meg
Ceporin 25 mog
Klebslella cultures from all other aites

exoept urine were tested with Oxold multidiscs

8*»6E containing 1

Peniolllln 1.5 meg
Streptomyoin 10 meg
Tetracycline 10 mog
Chioramphenloo1l 10 meg
Sulphonamlide 50 meg
Polymyxin 100 meg

and also the following single discs t
Hast Labs. Ampleillin 25 meg
Upjohn Albamycin T )Novobiocin 15 meg
) Tetracycline HCL 15 meg
Ceporin 5 meg

Framycetin 30 meg



Inhibition was road after 18 hours incubation at

37°c. -

Demonstration of Capsules \

All cultures of Klebslella Isolated were
tested for capsule production by the method des-
cribed in Karris and Coleman (1963)* One colony
from VTarfel Ferguson agar was suspended in physio-
logical saline solution and 1 loop of this suspension
plaoed on a slide. Adjacent to it was plaeed one
drop of Pelieon India ink, the two drops joined with
a loop and covered with a glass cover slip, and

examined for oapsules microscopically.

Preparation of antigens used in Antisera Production
Stock cultures of Klebslella speoies serotypes
1 to (2 were obtained from the National Collection
of Type Cultures9 Colindalev London. The list of
stock strains used for antisera preparation is given

in Table 25 of the appendix.

otorage of CultUTSy '’ 1>

V.af
on Wrrfel

. NJ'—i m ,.0 '
Stock oultures were stored it 4 C

Ferguson slopes in sealed Bijou bottles.

Formalisation of Antigen”;-
Fresh subcultures of the stock antigens were

made onto V- ~rfel Ferguson plates. Muoold colonies
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not producing excess of slime were inoculated into
50 ml of 0.2% glucose broth, and incubated for four

hour* at 37°C.

40% Formalin was added to the broth cultures
to a final concentration of 0.3%. Formalised cul-
tures were Inoubated at 37°C for 18 hours, and tested
for sterility by 48 hours aerobic and anaerobic in-
cubation on Blood agar plates. The formalised cultures
were tested for capsule formation by adding one drop
of Pelican India ink to one loop of suspension and
examining wet preparations under a coversllp micro-
scopically. Only oultures showing good capsulation

were used as antigens.

Preparation of Antisera

Antisera to oapsular serotypes 1 - 40 were pre-
pared in two groups of animals, rabbit and mouse. Only
the rabbit antisera were used in typing, and the
immunisation schedule will now be described.
Rabbitst Strain - Pink-eyed Belgium rabbits of either
sex, weighing 4 -6 Kgms.
Before inoculation, 10 ml of blood was removed from the
lateral vein of the ear and serum tested neat and at \
dilution for naturally occurring antibodies to each of
the 72 oapsular serotypes. Two drops of suspension of
antigen in physiological saline were made on a slide and

one drop of serum added to each. To one of the antigen/



55

eerun suspensions one drop of India ink was added,
and the two preparations compared for the Quellung
reaction. Circulating antibodies to the 72 serotypes
of Klebsiella could not be deteoted in any of the

animals used*

Inoculation ..h.dul.

The schedule recommended by Karris and Coleman
(1963) was followed. Each rabbit was Inoou'icVted with
the formalised culture of oapsular specific antigen at
four day intervals, intravenously via the ear vein*

The volumes of antigen given were 0.5, 1, 2, 3, 3 and

3 ml. Four days after the last injection, at day 25

of the inooulation schedule, a small amount 6f serum ;
was tested for precipitating antibodies by the capsu-
lar swelling test. Sera giving a positive Quellung
reaction with homologous antigen to a dilution of 1/76
or more wero acceptable. Where the titre was V® °r
less, animals were re-inoculated with 3 ml at four day
intervals. However, in some cases it was impossible to
read a titre greater than V 8 (see results seotion,part
2). Animals were exsanguinated by intra cardiac puncture,
blood collected in sterile tubes, allowed to separate
overnight at 4°C, and serum colleoted after centrifu-
gation at 5»000 rpm for 30 minutes. The volume of serum
collected from each animal ranged from 15 - 25 ml, and

this was stored at -2.0°C in 5 ml aliquots to which one



drop of methiolate was added.

Testing of Antlaera
a) For homologous titre

Serial doubling dilutions of antiaera were
made in physiological saline from neat to 1/<%*e
Fresh cultures of homologous antigen were suspended
in forraol-saline, and these tested with each dilu-
tion of antisera by the Quellung reaction. The
end point was taken as the highest dilution to give

elear cut, positive Quellung reaction.

b) For oross reaotions
Each antiserum prepared was tested at a one
quarter dilution with fresh formol-sallne suspensions
Klebsiella serotypes 1-72 for cross reactions.
Where cross reaotions occurred Quellung reactions

were performed with serial dilutions of antiserum.

Absorption Teat.

In order to obtain pure homologous antiaera,
the method described by Edwards and Ewing (1962) was
followed. A fresh suspension of the cross reacting
serotype was suspended in 1 ml saline and this added
dropwlse to 1 ml of the serum to be adsorbed, with
oontinuous shaking, until the supernatant fluid
remained cloudy. The serum was then centrifuged at

5000 rpm for 15 minutes and the supernatant again



titred by the Quellung reaction with homologous culture,
and with the absorbing culture to ensure that all cross
reactions had been removed* Where It was necessary to

adsorb an antisera with more than one heterologous

serotype, the adsorptions were done successively.

Typing of unknown cultures
For this purpose, antisera prepared In the rabbit

were used.

Eight pools of antisera were prepared, each con-
talnlng 1 ml of/§different undiluted antisera. Fresh
cultures of the organism to be typed were grown on
Warfel Ferguson slopes and a suspension made In physio-
logical saline. One drop of suspension was added to
each drop of each of the eight pools of antisera on a
glass plate, and tested for agglutination. Pools of
antisera giving naked eye agglutination were then tested
for specifio oapsular swelling with each of the component
antisera in turn, at optimal dilutions. Cultures which
could not be typed by entisera 1 - kO wara re-examined
for oapeole formation by India ink staining, and reported

as either cspsulate not 1 - 40, or non-capsulate-



PART X

SESULTS
(O Prom April, 1966, to March, 1967, 290 isolates
ef glyfeffiftUa MSMPBLtt collected for study.
All these cultures case from clinical material

submitted for bacteriological culture from patients

of the University Hospital of the West Indies*

frcMygi, i Lai Mtgil vm TFtF.
RfJIP~M"Xalojy Xrjftcl

Throat swabs ke ~
Tracheotomy aspirates 7! (38)1)
Sphtum 5% )
FArftcflT Tnft
Urines 79 (27 .27%*)

ry»»Ay,, 9y?rt*jJL Xtae™*

High Paginal swabs 2t ( 8.3)1)
e.g. Wound infections, |

Abscesses, Infected | 55 (19%*)

umbilical cords )

amtoitti i n F

Bleed cultures 6 ( 2%)

JtoEBBn Jtatg

Cerebrospinal fluid 1 ( 0.35%*)



Mjk.cullaneou.

Ear #vabi 2
(1.65%*)

Eye swabs 2
Autopay M aterial 10 (3.5%)

A total of 248 patients were Involved In this
survey, 16 of these showed multiple Klebslella In-
fection at different sites. There were three deaths
In this series, directly attributable to Infection by
m .b.l.lla aarogene.. and from th ... thr.e patients

10 autopsy specimens were collected.

Where the same serotype and biotype of Klebsiella
was Isolated from the same source In any one particular
patient on two or more occasions, only one of these
strains was Included in the survey, to avoid misleading
repetition. Where a patient showed a change In either

serotype or Qhlotype -In.spelciane,ns submitted from the same

A
source, these were classified as separate strains, for

purpose of analysis of antibiotic sensitivity.

The 24b patients in this survey had an age range

of two days to 85 years*

A*. Distribution
Less than 1 year 34 cases (13.7%)
1 -9 years 24 cases (9.7

10-19 years 14 cases ( 3 _7*)
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20-29 yeara 2d caaaa Li.**)
30-39 year* 31 cases 12.531)
AO-**9 year® 27 cases 11.0%)
50-59 yeara 37 cases 14.9%)
60-69 yeara 35 cases 1<*.1%)
70* yeara 18 cases 7.2%)

Sex Distribution (2118 patients)
119 males (44%)

129 females (56 %)

In order to assess the clinical significance of
Klebsiella aerogenes isolation, the majority of cases
in the survey were restricted to cases where Klebsiella
aerogenes occurred in pure culture. In all cases
Klebsiella was the predominant growth, and specific men-
tion will be made in the text where it occurred oon-

committently with any other organism.

The following details were taken from all patients

1* Name. Hospital number.

2* Provisional admission diagnosis.

3. Ward. h. Age. 5* Sex.

6. Full clinical examination of the system where
Klebsiella infection occurred. Details were

obtained from the patients' case notes of any

other illnesses, which may haws predisposed to

infection.
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7* History of antibiotics given immediately prior
to isolation of Klebsiella; the nature of the

antibiotics given* the dally dose* and the

duration of therapy* \Y J

8* 8tO0O as oral temperature on day of submitting
positive specimen*’ e e /"

o* White blood oount where available.

10* An assessment of whether the infection was hos-
| pital acquired « the latter inoluded t
(i) any neonatal infection ooeurring in hospital
V After a hospital doliveryi
(il) any case where previous negative culture had
been obtained from the same site since the
ourrent admission to hospital;
(itt) where symptoms and signs of infection clearly

developed after admission*

Some eases were clearly not hospital acquired,
e*g. specimens taken on admission* or early thereafter*
Where more than a three-day Interval had elapsed between
admission to hospital and submission of the first speci-
men for culture* the environmental source of Infection
was classified as unknown* with the exceptions of groups
(i) to (ill) above* Where any doubt existed, patients
were classified in this unknown group, which may con-
tain a proportion of hospital aoquired infections; this

evidence oould only have been confirmed by dally swabbing
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of all patients* Nevertheless, In spite of the
rigid criteria for defining hospital acquired .
infection, 9h/2k& patients (37%) were shown to
have acquired Klebsiella infection from a hospital

source*

Serological typing was attempted on all
specimens, using adsorbed antisera to types 1-**0,
prepared in rabbits as described in Part | of

M aterials and Methods.

In the presentation of the results the following

points are considered t

1e The serotypes Isolated from the various sources
of infection and their association with disease*
The Incidence of isolation of oommensal and
pathogenic strains will be considered*

2% The strains of respiratory origin will then be
compared with strains from other sources for bio-

chemical heterogeneity and antibiotic resistance*

3* The signs and symptoms of urinary tract infection
due to Klebsiella will be compared with an age
and sex matched group having E* coli urinary

traot infection?*

k* Patients with multiple Klebsiella Infection will

be considered*
5* The role of antibiotios in predisposing to

Klebslella infection will be assessed by comparing



the antibiotics given to a control group free
froni Klebsiella infection, and matched for age,
sex, duration of hospital admission, and pro-
visional admission diagnosis.

6. Finally the serotype, biotype and ward distribution
of hospital acquired strains of Klebsiella will
be analysed, to investigate the extent to which

cross-infection is occurring in the hospital.

(1) Analysis of Respiratory Strains of Klebsiella Aerogenes
Incidence of throat swabs TV o- Ny
Two hundred throat swabs were examined from patients
with clinical signs of infection in the throat, e.g.
Inflamed throat, tonsillitis - with or without cervical

lymphadenopathy, and laryngitis.

Th. di.trlbutlon of thl. «aapl. w«. a. follow.t

O — 1 years 30 cases (15.0%)

1 -10 years 110 oases "(55.0%)

11-20 years 37 oases (L«.5%)

21-30 years 12 oases ( 6.0%)
S years 6 cases ( 3.0%)

*e1-50 years 5 cases ( 2-5%)

51 and over . -0 cases

Sex Distribution o f.Bcimplet

95 males

105 females



Twenty seven of this group had Klebsiella
aerogenes in predominant culture in the throat,
and in all 27 oases there was heavy growth of
Klebsiella and no isolation of either Streptococcus
pyogenes or Corynebacterium diphtherlae. Therefore
the incidence of K. aerogenes in oases of throat

Infection m 277200 (13.5%*).

The age distribution of this group of 27
patients showing K» aerogenes in the throat was
much the same as the distribution of the total
sample, with the exception of a higher proportion
of Klebsiella isolates in the first year of life,

and a lower number in the age group 1-20 years.

Age Distribution Total No. i gL allowing
(throat swabs) Cases T ftS*A  «
1200)
0-1 year 30 (15.0%*) 11
1 -10 years 110 v (55-0jl) 9
11-20 years 37 (18.5%*) 2
21-30 years 12 ( 6.0%) 2
31-40 years 6 ( 3.0%) 1
k1-50 years 5 ( 2.5%) 2
51 and over 0] 0

The sex distribution of the Klebslella group was 15

males t 12 females.

Total

42.0%*

33.3*

7.0%*
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It is eee» that 74k of all throat awaba examined
cane from children under 10 years* and 75X of all
klebaiella i1aolatea in thia group fell into thia under-
10 age distribution, with the highest incidence (**23%)

occurring in the first years of life*

In the total sample of 200 oases of throat Infection
3tr«ptpcoccu« BM M M iaolatod fro* 35/200 patient#
(L7.5*. and djphth#rla altla fro* on* caae (0.5%*).

In no inetanco was klebsiella culture associated with

the presence of these organises*

N«r*al Control*

Two hundred patients showing no evidence of throat
infection* or other respiratory signs* were notched with
the above group for age* sex* duration of hospitalisation
and history of antibiotic therapy* In this group of nor-
mal oases* klebsiella was isolated in 23/200 cases* i*e*

41

an incidence of 11*39&*
* . > > f N\ V k1K . v o * Y - o« g™

The age distribution of these patients showing

E**. »* f*iio**»

. msaiaili T*t*X mo . i naitotti * of Tot«i u»i>-
(throat awaba fro* Caaoa Total (23) alolla laolataa
normal persons)

0- 1 year 30 (15.0%) 9 39.0*

1-10 years 110 (55.0%) 8 3*.8*

11-20 years 37 (18.3%*) 3 13.0*
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Age Distribution Total No.g jKlebsiella 4 of Total Kleb
(throat swabs from Cases Total (23) siella Isolates
normal persons)

21-30 years 12 ( 6.0%) 1 4.4%
31-40 years 6 ( 3.0%) 1 4.4%
41-50 years 5 ( 2.5%) 1 4.4%
51 and over 0

In this control group, one case of Streptococcus
pyogenes Isolation occurred, and there were no C. diph-
therias isolates. The remaining cases showed normal

upper respiratory tract flora.

Therefore, incidence of Klebsiella aerogenes in
throat infeotions * 27/200 (I13*5J&)« Incidence of
Klebsiella aerogenes in normal throats * 23/200 (11*5%")'
t test on difference in proportion curves

t » 0.60, giving p a 0.55 which is notcsignificant.

Strains of Klebslella aerogenes isolated from throat
swabs.

Of the 23 patients showing Klebsiella aerogenes
in normal throats, 16 patients were available for this
survey. All 27 of the oases where Klebsiella was
associated with upper respiratory tract infection were
available for study, giving a total of 42 patients,
from which 46 different isolates were made (Table 1 -

Appendix)e



Kltbtltlla from normal throat >wab»

Sixt««n patients, 12 of whan vara under tan years
of age, and five were under one year, are considered.
Two patients shaved a change of strain of klebsiella in

the throat, giving 18 separate isolates.

In the group showing evidence of “turoat infection,
28 different strains of klebsiella were obtained from 27
patients. Eleven out of these 27 patients were under

one year, and a further nine were under ten years.

A comparison will now be made of the serotypes
ieolated fro® the normal and infected throats, the bio*
chemical findings and the proportion of hospital acquired

oasese-e

Table 1 shows that serotypes 3, 9, 11, 15, 29 and
35 were isolated from both normal and infected throats,
so the isolation of these serotypes is probably of no

signifloanee-

Serotypes 1, 2, 8, 13, 16 and 2k were isolated in
association with local signs in the throat, but as the
total sample else was small (k6) it would not be justl*
fiable to asorlbe a pathogenic role to these serotypes.
Table 1 does illustrate the diversity of serotypes of
Klebsiella aerogenes which can be Isolated from throat

swabse
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In the group shoving normal throats a total of
18 dlIffsrsnt Isolatss were made from 16 patients, and
six out of 16 patients were on antlblotlos at the time

of first isolation of klebslella

In the Infeeted group, 28 Isolates were made
from 27 patients, and nine out of those 27 patients were
on antibiotics. Thus, 28/J»3 patients acquired a
klebslella Invasion of the throat In the absenoe of

antibiotic therapy.

Biochemically typical Klebsiella aerogenes Is
defined by the following reactions «
Gas produced from glucose
Acid from lactose
MR +9 V-P negative
Citrate +
Urea +
Gluconate ¢
Halonate ¢
Lysine decarboxylase +
Acid dulcitol variable
KCN o
M otility negative
Acid and gas from adonltol, starch and glycerol
Indole negative
Gelatin not liquefied
Any deviations from the above pattern will be listed in

the texte
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In the Klebsiella Isolates from normal throat
swabs, 12/18 were bioehetnlcally typical, and from
infected throats 20/28 were biochemically typioal

(Table 1 - Appendix).

Table 2 in the Appendix analyses the different
combinations of serotypes and blotypes found in k6
isolates of Klebsiella from the throat. If each
strain is given the numerical prefix T (throat swab)
(Table 2 - Appendix), at least 27 different strains
are present. T1, T*, T ~)TIX»)T2i4 are each represented
by three isolates. If strains 41 - *5 could have been
serotyped they may have represented more than the throe
strains demonstrated biochemloallys It is thus appar-
ent that one is dealing with a very heterogeneous
population of Klebsiella aerogenes. even when considering

specimens obtained from one site alone.

Clinical features associated with Klebslella isolation
from the throat

Of the 18 oases carrying Klebslella commensally in
the throat, eight were hospital acquired infections, i.e.

the admission throat swabs were negative.

In this group of 18 patients only three could be
regarded as completely healthy carriers, and these were
routine throat swabs from nurses, carrying types 12, 29

and 35. The remaining cases included a diversity of



signs and. symptoms, such as haemophllus meningitis,

malnutrition, acute glomerulonephritis, patent ductus

arteriosus, haemophilia, a severely J.il case of acute
leukaemia, ane< Jh, coli 055 &5 gastroenteritis, chronic
pyelonephritis, and two neonates - one with pyloric

stenosis, and the other a premature infant of 3 lbs.,
who developed a hospital acquired klebsiella in a

healthy throat on the 18th day after deliverye

27 Cases of Klebsiella Isolation Associated with Local
Signs in the Throat

Table 2 Illlustrates the local signs associated
with JSjl aerogenes Isolated from throat swabs. Of these
27 cases, 12 were hospital acquired strains and nine
patients were on antibiotics at the time of first iso-

lation of klebslella from the throat.

Consideration of Table 3 shows that in series
numbers 3, k9 5* 6, 7# 8 and 38 throat lesions were
oocurrlng in healthy adults not on antibiotics, and
klebslella was apparently the primary invader - these
were all serotypes 1 and 2, traditionally associated
with respiratory infection, except for case 38, when
a type 33 apparently caused the tonsillitis. Cases
37 and 31 are obvious examples of auper-Infectlon
after antibiotic therapy; the throat signs psrslsted

until klsbslella had been eradicated.
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Xn series numbers 1, 9» tOt 11, 19 and 39, (Table
3), sputum samples were not submitted so a klebsiella
aetiology can.not be attributed to the signs In the
lower respiratory tract. In all cases, however, there
was clinical Improvement after eradication of klebslella

from the throat, but this may have been fortuitous.

Zn series numbers 20, 27 and 2, the presence of
Candida alblgans infection in the mouth makes the role
of klebslella impossible to assess, but it is probably
of secondary importance. Similarly, In case 29,
where Staphylococcus pyogenes was isolated twice from
a pleural effusion, ths throat klabaielia is probably

of little importance.

Three oases Iin this seriss showed change in
klebsiella type in the throat. Caa0 number 44, a
child af five months with Pierre Robin syndrome,
acquired an untypable, biochemically typical Klobaiella
aerogenes after ten days in hospital, but with no anti*
biotic thsrapy. Five days later this strain was re-
placed by a second untypabls strain (No. 45 - ses

Tabls 1 - Appendix) which differed from the first in t

(1) failure to produoe a lysine decarboxylasej
(2) ability to formont dulcitol]

(3) ineroasod resistance to antibiotics.



Tab-Le 2

LOCAL SIGNS IN THE THROAT IN ASSOCIATION WITH PURL

CULTURE OF KLEBSIELLA

Local Signs Number of Cases Serotypes

Isolated
1 Throat Inflaasd 9 1,2,2,24.29,
(without exudate) 2,4,6,29,30,, 29,35,35,
.31,37,40,44.] 1 strain not

11 Acute 6 ,(SETie» Noa. | 1,2,2,9,15,
follicular 3,7,8,17,26, 35.
tonsillitis. (38. :

1 Aoute follicular 2 [Series Nos. 2,
tonsillitis with [5,*2. 1 strain not
laryngitis or 1-40.
;sinusitis.

v Inflamed throat, 10 [Series Nos. 1,3.3,8,11,
and bronchitiibfa 1.9,10.1719 11,13,16,35,
or acute bronch- 20.2*%1,27,39, 1 .train not
itis or broncho- 1*3. ] 1-40.

pneumonia.



Table. .2

CLINICAL DETAILS OF 27 CASES OF KLEBSIELLA ASSOCIATED

WTH UPPER RESPIRATORY INFECTION

Series Local aignc Other Sero- On anti-
No. . in throat diseases typo biotics
1 Inflaaed Acute bronchitis. 1 No

throate Prematurity.
2 Inflaaed Oral Candida 1 No
throat with fAlbicans.
mucoid Hydrocephaluse
sputum. Lumbar meningo-

myelocoele-

3 Acute folli- Healthy adult. 1 No
cular
tonsillitis.

k Inflaaed Healthy adult. 2 No
throate

Laryngitis.

5 Acute folli- Healthy adult. 2 No
cular
tonsillitis.
Sinusitis*

6 Inflamed Healthy child 2 No
throate
7 Acute folli- Healthy adult 2 No
cular
} ) } * L] ® Vn
tonsillitis

and cervical
adenitis.

8 Acute folli- Healthy adult 2 NO
cular
tonsillitis.

9 Inflaaed Acute bronchitis* 3 No
throat.

10 Inflamed Tracheo- 3 No
throate bronchitis.

(Continued)



Table 3 (Continued)

CLINICAL DETAILS OF 27 CASES OF KLEBSIELLA ASSOCIATED

WTH UPPLR RESPIRATORY INFECTION

Series Local signs Other Sero- On anti-
No. in throat diseases fyap. biotics
1\ > Inflamed Right middle 8 No
throat. " lobar pneumonia.

17 Acute folli- Gastroenteritise o No
cular (no pathogens
tonsillitis. isolated)

19 Inflamed Bronchiolitise 11 No
throate

20 Inflamed Acute bronchitisi.iz Yes
throate Oral candlda

albicans.
Prematurity.

2k Inflamed Bronchopneumonlc ;3 Yes
throate Enteropathlc E.
coll infection.
27 Inflamed Oral candlda 16 No
throate albicanse

Bronchopne umoniai-
Gastroenteritis.
(no enteric patlio-
gens lIsolated)

26 Acute folll- Gastroenteritis. ;s Yes
reoomt oular (no pathogens
tonsillitise isolated)
29 Inflamed 8taphylococoal 2k No
throate empyemae
(Staphylo-

coccus also
Isolated)

30 Inflamed Nephrotic 29 Yes
throate syndromese



Table 3 (Continued)

CLINICAL DETAILS or 27 CASES OF KLEBSIELLA ASSOCIATED

WITH UPPER RESPIRATORY INFECTION

Series Local sign® Other Sero- On anti-
No. in throat diseases type _ biotics
31 Inflamed Haemophilia* 2 Yes

throat.

Klebsiella
appeared
after 6 days
penioilXin
therapy for
B-haemolytic
streptoooooal
infection.
Throat remained
infl e ntil
Ki - baerLy

eradicated™

37 Inflamed Von Gierkes 33 Yes
throat - disease*
after 10
days penioillin

therapy for BH/
S throat in-
fection?*

38 Acute folli- Healthy adult 3B No
cular
tonsillitis™*

39 Inflamed Bronchitise 3B Yes
throat * Atelectasis *

Congenital
deformities.
Prematurity.

ko Inflamed Piperazine neurO- 3B Yes
throate toxicity, in ooma.

k2 Acute Healthy female* not Yes
tonsillitis 1-~0

and laryn-
gitis.



7 (Continued)

CLINICAL DETAILS OF 27 CASES OF KLEBSIELLA ASSOCIATED

WTH UPPER RESPIRATORY INFECTION

Series Local signs Other Sero- On anti-
No. in throat diseases ~"type biotics
*3 Inflaaed Bronchiolitise not No

throat. Klebslella 1-i«0

otitis media.
kk Inflamed Pierre Robin not No

throat. syndrome 1-i*0
Malnutrition.

Case number 11, a child of 21 months, acquired
a type 3 klebsiella culture in the throat after five
days penicillin and streptomycin therapy, which was
sensitive' to four antibiotics (albamycin, framycetin,
ceporin and polymyxin). Five days later this was re-
placed by a more resistant type 3 variant, sensitive
only to ceporin and polymyxin. The throat remained
normal throughout (see strains Nos. 11 and 12 in Table

1 - Appendix).

Finally, case number 14 was a six-year-old
child with aoute stem cell leukaemia. A serotype k
was Isolated from her normal throat on two occasions.
Of these, strain 13 was dulcitol negative and sensitive

to all antibiotics except penicillin. Four days later

77



etrain 14 (e Table 1 - Appendix) was isolated in
pure cultural this strain was dulcitol positive, and
sensitive only to chloramphenicol, framyoetln and
polymyxin*

Cases 14 and 44 illustrate that colonisation

4 *

of the throat in hospital with more resistant organisms
does not require admlinlstrotion of antibiotics, and all

three oases illustrate the constantly changing nature

of the upper respiratory flora.

Trach.oto«<nr Sw clw n

Seven different isolates of Kj. aerogenes were
obtained from tracheotomy aspirates of six patients
during the course of this study. The incidence of

klebslella isolation was 6/10 patients (Table 4).

In these observations, which are too small for

statistical analysis, two out of six patients showed no

signs of infection but grew klebslella, compared to four

out of six patients who showed Infeoted tracheotomies.
Case number 50 is of Interest (Table 4) in that no signs
of infection were associated with a heavy growth of

klebslella type 11 and when this was replaced by a

T«

klebslella type 1 the same patient ' remained asymptomatic.

Klebsiella type 9 was commensal in isolate number 52*

Table s - Appendix shows the strain designation
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ORGANISMS ISOLATED FROM 10 PATIENTS WITH TRACHEOSTOMES

Ae*W & ZA™

Strain Age Distribution of
Number Patients with Tracheotomy

3
*7 5
48 11
12
18
*eQ 28
5°U
SI.nt29
51)pa
36
*
52 52
53 61

*ZLyATH Y R

yttrs

years

years

years
years

years

yaar*

years

years

years

Sex

Organisms Signs of
grown Infection

No growth None

Klebslella Yes
type 2I*
Pseudomonas

Klebslella Yes
type 21

No growth None
No growth None

Klebslella Yes
type 3

Klebsiella None
type 11
Klebsiella None
type 1

Staphyloco ecus
pyogenes Yes

Klebslella None
type 9

Klebsiella Yes
type 8 4%
Pseudomonas
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Tabl« 5/

COMPARISON OF KLEBSIELLA STRAINS ISOLATED

FROM NORMAL AND INFECTED TRACHEOTOMIES

Normal Sites Infected Sites
12 patients - 3 strains) (k patients)

Serotypes
Isolated - u 9, 11 3, 9, 21, 2k
Hospital
Aoaulred 3/3 k/k
Biochemical All strains All strains
Pattern typical typical

K. aerogenes K. aerogenes
Previous history
of Antibiotic 2/2 3/k
Therapy
of the tracheotomy isolates. Five of these seven strains

had already been encountered in the throat swab series
and two additional strains9 T29 and T30 were encountered

in tracheotomy aspirates.

In this small series (Table 6) type 1, normally
regarded as a respiratory pathogen, occurred in a tracheotomy
apparently as a commensal, as also did types 9 And 11. Type
21 and type 3 (Table 6) are clearly related to infection,
being isolated in pure culture repeatedly during the course
of infection. The roles of. types 8 and 2k are dlIffioult to
assess because the cultures were repeatedly mixed with

pseudomonas, the latter probably contributing to infection.



81

H-©

SIGNS ASSOCIATED WTH

ISOLATION

@ KLEBSIELLA HFOM TRACHEOSTOME



An am ly»i» of klebsiella isolated from the lower
respiratory traot

Zn the following sootion, a mlnlaua of two
sputum samples was obtained from each patient, and
only where each grew klebsiella was the patient
included in the survey. Zn all oases, klebsiella
occurred in a heavy growth, and all cultures mixed
with ether lower respiratory pathogens were excluded,

in order to facilitate assessment.

Two hundred eases showing clinical evidence
of respiratory infection ranging from acute bronchitis

to lobar pneumonia wore sampled.

A control group matched for ago, sox, ward
and duration of antibiotic therapy were seleoted. Zn
order to get a reasonable degree of antibiotic matching,
the age matching of the controls had to be modified to
+ 5 years, except in the oase of children under ten

years where a switching of + one year was achieved.

The sex distribution in both groups was 52J& males
and females - £8/200 patients in the group showing
respiratory infeotlen grew a heavy oulture of klebslella

on two Oor more occasions « 195&.

The control group had no positive chest signs,

no fever and a normal VBC. Zn order to sample sputum
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effectively, and not saliva, this group was mainly
composed of oasss of asthma, congestive cardiac
failure and hronchieotasls, but in all oases the
sputum was non-purulente The inoidence of Klebsiella
in this group was 207200 = 10Jl. -«

t test on differences in proportion curves t « 2*76,

giving p ( 0,01 whioh is highly significant.

There was no special type incidence seen in

either infected or normal sputum.

Six out of 20 (30jt) of the samples of normal
sputum and 16/38 (3836) of samples of purulent sputum
came from patients on antibiotics. Forty percent
(eight out of 20) of the Klebsiella isolated from
normal sputum and 2yfa (nine out of 36) from infected

sputum were hospital acquired infections.

The biotypes and serotypes of Klebsiella Isolated
from normal sputum specimens are shown in Table h -

Appendix.

In these 20 isolates, the only two lIdentical
serotypes and biotypes are represented by Isolates number

60 and 61 (Table Jd - Appendix).

On the basis of biotype only, lIsolates 71 *<*d 72
are the same (Table k - Appendix), so from 20 isolates

from normal sputum there are a winimum of 18 different
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SE.ROTYPKS & KLEBSIELLA AEROGENES

Serotype
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etrains represented, and possibly 19» it* isolatss

71 and 72 sure different serotypes.

Where a particular serotype and biotype com-
bination has already been designated in the section
on throat swabs and tracheotomy aspirates, the same
T classification was used to avoid repetition of
strain designation* Where a particular strain had
not previously been encountered, the designation S
(sputum) followed by a numeral was used in the strain
designation (Table 4 - Appendix); nine additional
strains were lIsolated from sputum samples. Table 5 -
Appendix shows the type of cases from which Klebsiella
was isolated. Table 6 - Appendix shows the blotypes
and serotypes of 3® isolates of Klebsiella from sputum
in association with respiratory infection. In these
38 cases the following isolates are the same biotype

and serotype combination, viz t

75 76,77# 78 - Type 2, dulcitol negative

82, 8%*.,86 - Type 9« dulcitol negative

83, 87 - Type 9» dulcitol positive

93, 9N - Type 16, dulcitol positive
The rest are all different, giving a minimum of 21

etrains associated with lower respiratory tract infection

(see Table 6 - Appendix).
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Klebsiella Isolated in association with lower
respiratory tract Infection (Table 9) was seen in 13
cases of acute bronchitis, nine cases of broncho—
pneumonia, 13 oases of lobar pneumonia and three cases
of lung abscess. Sia of the 13 cases of aoute bronchitis
were superimposed on other pulmonary dieorders, such as
Sarcoidosis, Bronchiectasis, Asthma and ohronic bronchitis

and emphysema.

Similarly, five out of nine caees of broncho-
pneumonia had an underlying pulmonary disorder. In the
cases of lobar pneumonia, however, ten out of 13 of these
cases occurred in the absence of other lung disease and
only two of these ten were secondary infections. All the
eases of lung abscess were in normal parsons and five out

[fof. pe<daQuiOl -
of 13 easesAvore eaused by a klebslella type 9. Leuco-
eytosls was only a feature of 1J/38 cases of respiratory

infection due to klebslella, but 21/38 caees were pyrexlal

(see Table 7 - Appendix).

In the group of 13 cases showing klebslella in
association with acute bronchitis, 11/13 cases showed
klebslella in pure culture from the admission specimen.
Only one of these (isolate number 95) a ease of asthma
with bronchiectasis, had been on antibiotics at the time
of first isolation of klebsiella (Table 9)* Therefore
we may assume klebslella to be the primary Invader in

at least ten out of 11 of these cases.
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Table 9

SEROTYPES ASSOCIATED WTH LOVER RESPIRATORY INFECTION

Type of Isolate Sero- Hospital Other Clinical
Infection Numberr type =« Acquired Factors
A£Ut«
Bronchitis 74 2 No Hodgkinea disease.
(13 cases)

73 w 2" No None

76 2 - No Sarcoidosise

81 9 -X No Obstructive Jaundice

with uraemia.

91 13 No Congestic cardiac
failure. Hyper-
tension.

16 r- No Mitrail stenosis]|

93 . .
oardiac failure~*

ox* 16 No Prostatio hyper-
trophy.

VFEN

93 19 No Bronchiectasis.
Asthma,

100 Not No ;Chronic bronchitis

1-40
and emphysema, &
101 *O Yes Mitral stenosis.
~ O Asthma*
;102 Not Yes Bronchiectasise
1-40 .
Kwashiokor,
Not
103 1-40 No None
104 Not NO Ischaemic heart
1-40 disease-
Bcancho- 77 2 Yes C.V*A* with right
pneuujonia hemiplegia.
(9 cases)
79 5 No Bronchiectasis.

Continued



Table 9 (Continued)
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SEROTYPES ASSOCIATED WITH LOVER RESPIRATORY INFECTION

Type of
Infection

Broncho-
pneumonia
19 easel)
(conte)

Lobar
pneumonia

(13 cases)

Isolate
Number

82

89 V
92
96

103

106

107

80

83

84

83

86

87

90

98

99

Sero-

type

9

1

15
20

not
1-40

"o

not
1-40

11

31

33

Hospital
Acauired

No

No
Yes
No

No

Yes

Yes

No

Yes
(2® to)
(BUS )

No

No

No

Yes
(2° to )
(E.coli)

No

No

No

Other Clinical
Factors

Veil controlled
diabetic.

Carcinoma of larynx.
None.
Bronchial asthma*

Bronchogenic carci-
noma e

None

Bronchiectasis*

None* Healthy adult*
Veil controlled
diabetice

Carcinoma right upper
lobe.

None*

Pulmonary fibrosis*
Pulmonary embolism
and infarction*

None* Healthy adult*

Benign prostatlc
hypertrophy.

None* Healthy adult*

Continued*. . . ee™*



Table 9 (Continued)

SEROTYPES ASSOCIATEP WITH L"QMER RESPIRATORY INFECTION

Type of Isolate Sero- Hospital Other Clinical
Infection Number type Acaulred Factors
iobar 108 quo No Pregnancy.
pneumonia
(13 catei) 109 not Yes None
(cont.) 1-40 (2° to pneumococcus
110 0o o No Pyelitis of
- pregnancy.
not - _
111 1-40 Ynknown Myaeethernia gravis*
Benign prostatlc
hypertrophy.
Lobar 78 | 2 = No None.
pneumonia
and lun«r 88 10 NO None
Ab»oe»»

97 31 No None =



In thoM 11 oases, cases 75« 81* 9*e 103 bad
no lesion especially predisposing to respiratory
traot infection, but only oases 75 and 103 were

otherwise completely normal adults (Table 9)*

The two hospital acquired klebslella isolates
associated with aeute bronchitis were isolates number
101 and 102, eases of mitral stenosis and bronchiectasis
respectively (Table 9)* Beth had been on prolonged
chemotherapy and previous bacteriology was negative
in both oases on the first sputum examination. However,
since the onset of clinical signs in the ohest coincided
with the appearance of jj. aerogenes in the sputum, this,
together with previous absence of respiratory pathogens

would seem to suggest a klebslella aetiology.

In the nine eases of klebsiella bronchopneumonia
(Table 9) five patients grew klebsiella within two days
of admission (numbers 79» 82, 89, 96 and 103), but all cf
had other factors predisposing to infection and, with
the exception of number 82 who was diabetic, all of these

cases had some abnormality of the respiratory tract,

Of the four hospital acquired klebslella Isolates
e numbers 77» 92, 106 and 107 - the first three all had
negative sputum culture on admission, and acquired
klebsiella in the sputum after hospitalisation. Case 107

was a klebslella secondary to a primary Beta haemolytle

91
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streptococcal Infection in a oase of bronchiectasis*

In the 13 oases of lobar pneumonia a primary
klebslella aetiology can be attributed to ten out of
the thirteen cases, in that this organism was Isolated
on admission* Case number QK (Table 9) had had five days
penicillin and two days tetracycline therapy by this
time, so this say have eradicated another pathogen.
Case 85 had had one day penicillin therapy, so this is
unlikely to have contributed greatly to a change in flora,
and case number 110 had had two days chloramphenicol
therapy for pyelitis. The appearance of klebslella 1in
the sputum, however, coincided with the onset of res*

plratory signs*

Isolates 83, 87 and 109 (Table 9) were hospital
acquired, and all secondary to antibiotic therapy, because

the following organisms primarily occurred in sputumt

Case 83 -Beta haemolytlc - 10 days penlolllln
streptococcus and streptomycin
therapy
Case 87 -E. coli - Eight days ampiclllln
Case 109 -Pneumococcus - 10 days chloramphenicol*

Two days penicillin
and sulphonamlde*
Thus, 1in 12/13 of the cases of acute bronchitis]
eight out of nine of the cases of bronchopneumonial! and

nine out of 13 of the oases of lobar pneumonia, klebslella



may be re”ardtd as being Of primary aetiological

-
-
«Q
I

nifiennce.

In tli© three eases with lobar pneumonia and
lung abscess (Table 9)e¢ isolates 7%$* 88 and 97 slll
grew klebslella in pure eulture on admission. Iso-
lates 88 and 97 had had no previous chemotherapy, so
it is Justifiable to attribute primary klebslella
aetiology to at loast two out of three of these cases.
This gives a total of 31/38 cases of lower respiratory
infection assoclatod with klebslella where klebslella
species oould be regarded as the primary infeotlve
agent. However, when considering the type of patients
involved, only numbers 75« 103, 92, 106, 80, 85, 90,
99, 108, 78, 88 and 97» Il*s« 12/31 oases, can be re*
garded as completely healthy subjects with no other
faoters predisposing to infection. It would seem to
be indicated that in these oases klebsiella has shown
the ability to attack a previously normal, healthy

respiratory tract.

13
In the/cases of acute bronchitis a leucocytosis

(Table 7 - Appendix) was only shown in cases number 100
and 101, and five out of 13 eases showed pyrexia. In
the bronchopneumonia group pyrexia was a feature 1in

only five out of nine cases and only thmt. showed a

leucocytosise
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In the lobar pneumonia and lung abtoeat groups
(16 cases), nine out of 16 cases shoved leucocytosis
and 12/16 oases shoved pyrexia exceeding 99°F (table

7 - Appendix).

It is of interest that only one out of three
of the cases of lung abscess shoved leucoeytosis (Table
7 - Appendix). Radiological appearances are presented
in the Appendix of three cases of acute bronchitis,
tve cases of bronchopneumonia, four oases of lobar

pneumonia and tvo oases of lung abscess.

(1Zzz) HaitteUil SU>H» fro» th* Urinary Tract
A total of 79 isolates of Klebslella aerogenes
vas made from urine specimens submitted by 7* patients.
Of all urines showing floroioople pyuria and an
organism count of 100,000/ml or more measured by the
quantitative loop method, the commonest urinary patho-
gen over the period of study vas £5,coll. which
represented 3JL of all significant cultures. Klebsiella
aerogenes vas the second most frequent pathogen, occurring
in 2 8 of all significant urinary tract infections, in
comparison to proteus species, 2t4&, and pseudomonas, 6J}&
An investigation vas made of the prevalent aero-
NAL - * e V7T % vV - u

types in urinary tract infections in Jamaica. The age

and sex distribution of the 77~ patients shoving klebslella
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urinary tract infection was as followst
Fsmlss 42 Males 32
Infsetion vas predominantly iIn ths over-50 ags

group*

| H Distribution of Klebsiella Urinary Tract Infoction

Asa Nuaber of Cases
1- 9 yoars 5 oases
10-19 yoars 3 cases
20-29 years 6 oases
30-39 years 8 cases
40-49 years 8 cases
50-59 years 21l oases

60+ years 24 cases

Seventy-two of these 74 were oases of priaary
klebsiella of the renal traot9 i.e. no other organlsa
had been isolated in the proceeding 12 aonths* Two

cases were seoondary to a previous Jj, coli infection*

Five patients changed either their biotype or

serotype of klebsiella during the course of infection*

Table 8 - Appendix gives the inoldenoe of the
various blotypes and serotypes found in 79 Isolates of
klebslella froa 74 patients* Vhere a strain had already
been designated in the previous section on respiratory tract9

the saae designation was used* New strains



were given numerical classification prefixed by U
(urine). Twenty-two additional urinary strains were

designated (TableJ - Appendix)e -

; The following isolates were from the sane 3V
patients and showed a change”® biotype or serotype -1 7"
156 and 157
162 and 163
136 and 183
113 and 185

151 and 190

The resistanoe patterns of all urinary Kleb-
siella were oompared to (a) the biochemically typical, =*
(b) the biochemically atypical strains, to see i1f there
was any significant difference iIn resistance patterns
associated with biochemically heterogenloity (see

Tabl. 10).;:(p»«. 98), 'J?.m AN

t Table 11 compares the number of antibiotics
to which the various urinary lIsolates of felebalelln; ,

are resistant. (Page 99)-

Pyrexia in Association with Klebsiella Urinary Infection
Table 9 - Appendix shows the temperature range
Of 30/7*1 patients with fever on day of submitting a

positive urine culture.. In seven of these:30 cases



there were other sources of infection to whleh the

pyrexia may have been wholly or partially attributable,

vial

e Number Diagnosis WBC

113 prostate abscess 2k.5
128 earclnoms cervix 5k
132 carcinoma vulva _ 7.k
mu gastrosntsritis 9.7
150 aouts spldldymo- 8.6

orohltis

152 carcinoma vulva 6.5
167 V 30x burns 15.2

There were 2J/7 patients where pyrexia was
clearly associated with Klebsiella urinary infection.
In the above cases, numbers 115"and showed peri-
pheral leucocytosis, possibly in association with

other causes*

In this series only three out of 70 cases of
Klebsiella urinary infection shoved an elevated white

count above 11,000.

In order to determine whether the association
between Klebsiella urinary tract infection and urine
retention, postulated by~ authors,. applied here, a
oontrol Jgroup of patients suffering from significant

E. coli infection were matched with the Klebsiella
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iflrp 1X

COMPARISON py”~tmi MUMBKR Or AMTmiOTICS TO WHICH THE

VARIOUS URINARW, ISOLATES OF KLEBSII LLA ;fRE RESISTANT

Total B 1ochee=ically
Urines Typical _ Atypical

Observations | 79 51T 28

No. of strains

resistant to !

1 antibiotic 19

2 antibiotics - 1 9

3 antibiotics 5 k v J 1

4 antibiotics K 1 3

5 antibiotics 7 f>v<3 -

6 antibiotics 12f 7 5

7/ antibiotics PALLF f 3

8 antibiotics 1 2

9 antibiotics 3 2

10 antibiotics 2 1

(*2q - 5.**7) ; ?
A
x overall (Table Ji ) shows no difference between

tbe biochemically typical and atypical groupse
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group for age, aex, ward distribution, and compared
Tor such symptoms and signs as frequency, dysurla,

retention]oatheterisation and calculus formation*

Table 12# I* -'£ VA=

:iPQMPARIS017°0g>1a£BSTr.T.tA=r  CASES) ANCtwK». COLII™

"CA8K8) PRIMARY TRACT XWrECTXOW8<

Klebsiella "p vmlue
Frequency of J
micturition- r Gaft % 0.01 -
Dyeurie 0.62
Retention &% . = = 30~ x 0.20
Caloulus formation 7* 0.82
History of ”
oatheterisation 2751 2876 0.89

Urethral stricture

- *
(usually gonococcal) W *7%.. <* 0.002

Prostatic hypertrophy 0.51

There was no significant difference iIn the two *
groups as Ffar as caloulus formation, history of 1 ;
oatheterisation and urinary retention were concerned. V
Dysurla, which admittedly being subjective,wad difficult
to assess, but a significantly lower proportion of the.V

klebsiella group oomplalned of frequency of micturition

(Table 12).
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In considering the oaus«« of retention, ths
incidence of prostatio hypertrophy in thetvo
groups was similar, as perhaps could be expected
from m series which we# age and sex matched, but
the contained a much higher pro- *
portion of *M** of urethral stricture, which was
usually gonoeoocal. ilt can be concluded that in
this enrlra«Mtt> althourk”™X Infectloo is
not slgnifleantly related to retention more so than

coli infsotion,, urethral stricture is definitely

a significant predisposing eause of infection.

In *h» ThTﬁikiOanvfal Tract
Twenty-four
aerogenesifrom high

in an attempt to

1The age

19 to 60 years

[ oases
40*49 years W 3 oases
fOoe vyears 3 caees
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; The patients were auh-dlivided into the fTollowing

groupsi



NopfrtyCuses

Vi sNon-pregnant female® of

i; " "m-—clal.ld.-beariaf « . ol M
2* Pregnant femalea. ;i h-
J. < '-Puorporiuw* > W
], Poet-menopausal : H

n Il Fifty non-pregnant female® of child bearing
age coaplaining of vaginal diecharge were inveeti-
gated* "iThe incidence o” :jUebalelll™4 erQgenef ™

leolation van =ift in Ifokcor 126

ftHigh vaginal evabs taken routinely for in-(%
veetlgatlve purpose* in female* kith no evidence of
vaginal Infection were used as control*, and age
matched to within five yearaV.2 The incidence wae >

threqgjftfi 1O

~ one HundredCfii*d;. vaginal awabe were taken”
from patient# during the puerperal etage* Fifty of
theee patlente had a normal lochia and no pyrexia
or leuooeytoeiat ~ lobalella aerogenee wae "found in;

eeven out of 50 or \K& of those oaeee*

fifty age matched patlente with an offenaive
lochia showed a Klebsiella incidence ef Sim in 50 -

or iaé&.



Two patients« one pregnhant and ene poet-
menopausal 9 both showing signs of vaginal in-
fection aeeooiated with klebsiella, are also
included in this survey, but the material available
from these latter groups was too Inadequate to

permit any analysis of Incldenoe*

The biotypes and serotypes found in 2K
Isolates of klebslslla from the female genital
traot ars given in Table 10 - Appendix* Table 11-
AppendlIx shows the ollnloal signs present in these
patients* Eighteen out of 2K strains obtained from
the female genital traot wore untypable 1 - kO

(Table 11 - Appendix)*

Two out of six oases of discharge. whore kleb-
slella was isolated in the non-pregnant group wore
aeeooiated with Trichomonas vaginalis infection -
theme were type 3 and one untypable strain* Types
3« 7» 15 as wsll as hlghsr serotypes were found In
association with perfectly normal lochia (Table 11 -

Appendix) *

In six caaea of offensive lochia, only one
strain could be typed, and thia was strain 19™»

serotype 9* All oases of offensive lochia were



associated with pyrexia of 100°P or more, but only
three out of these six oaeea had a leucocytoala in

exoeaa of 11,000 (Table 11 - Appendix).

Puerperal oaaea showing a normal lochia,
klebelslla isolation and fever, usually had some ether
reason for pyrexia (see Table 11 - Appendix) with the

exception of Isolates number 198 and 207*

) Klebelslla Isolated from the Central Nervous

System and from Ear and Eye Swabs

During the period of study, one ease of
klebsiella meningitis occurred, and two isolates of
klebslella were made from eye awabe and from ear

swabs* .

The total inoldence of klebsiella meningitis
was one iIn 52 positive cerebral spinal fluid cultures,
o* less than 2£* It occurred Iin a male of 62 years
with klebsiella prostatic abaceaa and septloaemla* A
type 7 *lebelell« eerogenee «*e r«c«v.r»d twice Trom
the cerebro spinal fTluid during life, and from the
meningeal awaba at autopsy* Thia cases will be more
fully described iIn tbe section discussing multiple

klebslella infection*



Tht two omos where klebsiella was recovered fro*
eye ewabe were both hospital acquired infections (iso-
lates 216 and 217)» associated with sticky eye 1iIn
children delivered in hospital (Table 12 - Appendix)*
Both occurred in full tern Infants after normal
deliveries, and the birth weights were normal (216 -

8 Ibs*, 217 m 5 lbs*, 13 ess*)* In both oases re-
peated examination for gonoooccus was negative, by

both cultural and Fluorescent Antibody methods, nor
was there a maternal history of gonorrhoea* Klebslella
occurred in pure culture, and produced a mild degree

of sticky eye which cleared spontaneously after two

and four days respectively™*

Over the one year period of investigation,
klebslella was obtained iIn pure culture from only two
ear swabs (Table 12 - Appendix)™* Isolate 218 was a
routine ear swab taken from a case of fractured
temporal bone, in a six-year-old child with no history
of antibiotic therapy* The ear swab was positive on
admission, and there were no signs of infection iIn the
ear, which remained normal* The second isolate, 219,
was more difficult to assess, as it occurred in a one-
year-old child with bronchopneumonia - klebsiella
being obtained from both the ear and throat swabs*

There was a mild degree of otitis media and the child
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had previously had no antibiotics.

k. {LANE\s:S

>y»wto aiwl IsuomoytosAs assooiated with
klebsiella isolated from the central nervous system*
and from oar and eye swabs are shown in Table 13 -

Appendix.

White counts wore normal iIn cases 216 * 217
(sticky eye), 218 (normal ear). Isolates 219 end
215 both showed leucocytosis and 219 had a VBC of
12*000* but the patient also had a bronchopneumonia.
Case 215 had a VBC of 25*000 la association with

klebsiella meningitis.

QAD) m.b.1.11. fro. Blood Cultur..

Six blodd oultures wore positive for Klebsiella
aeroxenes (see Table 14 - Appendix). Five patients
showed klebsiella septicaemia* one showing a change
in serotype during the course of iInfection* giving
six different isolates in all. Each Isolate was re-
covered on two or more occasions from the same patient*
so are not likely to be contaminants* and all patients

showed clinical signs of septicaemia.

The Tfive patients shewing klebslella septicaemia
were three males and two females. Cases 220 and 222
were fatal (Table 14 - Appendix) = The age range was
41 to 62 years. Isolates 224 and 225 came from a case

of subphrenlo absoess* with an interval of five days



penicillin and streptomycin therapy between the
two different isolates* Case 220 had had seven

days furadantln therapy*

All of the other isolates of klebsiella
from blood oultures were made prior to onset of
antibiotic therapy* VBC and temperature on the
day of taking each positive specimen are shown 1in
Table 15 - Appendix* Over the year of study
the incidence of klebsiella septicaemia was

five out of 46 cases of significant septicaemia

(« 10.2£).

(VI1)  KA*b*i*lla tram Wound Inf»ctlon». Ab*c*****
U»blH.eal Stu»P» and fro* A.oltlc fluid
Fifty-five Isolates of klebslella from these

miscellaneous sources were available for study*

These came from t

Ascitic fluid 3 cases
Xtabllical stumps 8 cases
Draining abscesses 7 cases
Vound swabs 37 cases

Klebsiella Isolated from Ascitic Fluid
Klebslella was cultured from ascitic fluid
aspirates in two males and one female* All cul-

tures were pure Klebsiella aerogenes.
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X*K\Q U

KLEBSIELLA 1SOLATED FROM THREE ASCITIC FLUIDS

Clinical details Age Serotvpe Series
.and diagnosis , 9 yp Number
Peritonitis with 60 2 596

perforated ilium*

Acute glomerular

nephritis; uraemia; 26 23 227
hypertensione

Hepatic cirrhosis* 36 nbt 1-40 228

The significance of Klebslellate liolattd from
the Umbilical Stump

|Elebslella aerogenes was isolated from eight
swabs taken from the umbilical stump. All were children
bora in hospital so were clearly hospital acquired
infections* None of these babies were on antibiotics
at the time of isolation of klebsiella from the umbilicus*
There is difficulty in assessing the clinical significance
of Klebsiella aerogenes Isolated from the umbilical stump*
because it frequently appears 1in mixed culture* The
following table (Table 1*0 shows the appearance of the
sttimp in these eight oases; the purulent nature of the
site in Isolates number 23*1 and 235 may have been related
to the presence of Staphylococcus pyogenes, but in the
other four cases, 231* 232, 233 and 236* pure cultures

of types 11, 16* 17 and 19 were 1isolated in association



with local signs of infection. Paradoxically, type
11 was found iIn hsayy growth with roteus iIn isolate
number 229 r and the cord remained healthy* V# cannot
in theae(¢findings aaaooiate any particular aerotype ;
with eord infaction, and probably wlebsiella la of

no great significance when loeallaed to the umbilloal

* * M
i}gmp “JﬁLI.nggs showed nggmal %ﬁmgpraturqi&>_wpq}e p
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oounta were not dona* .J - -J - —JT? V.. $
Table I
Clinical? ?Number ; Days
Appearance 50f ;sg;ate After ?gg?;¥2§
pf Cord N_ _Csaee N umbe Delivery
Normal * 229 7 . 11 (eProteus)
236 >£ n1< net 1-5D
Bra . (+coagulase posi«
P (tive Stanhylo*
*(coccus*
Moist * . 1~:5.V 231 %oy ?;i6 °
Mildly 232 V 5 17 -
Infsotod*
Purulente » 2230 3- 11 > £;1 ™
233 4 Bt 19

83*  y_ = gy 23(29)

- Ucoagulaie posi*

(tive Staphyl
(s&2$uA.
J *33 - not v

O*

lﬂA

Ucoagulase pool-

itlwa Staphyl
(coccus.

- Table 17 e Appendix shows the biotypea of

Klebslella isolated from the umbilicuse Four strains

oO-



had previously been classified in isolates obtained
from throat or urine cultures, but two now strains

designated VI and were encountered*

Klebslella aaeooiated with abeceee fTormation

Seven cases of abacaaa formation aaaociatad
with heavy purs oultura of klebsiella occurred. In
no case was any other organism Isolated, and secondary
invasion aeoma unlikely* The sex ratio was five malest
two fomalaa* Details era given in Table 18 - Appendix.
Four oases ware febrile (Table 19 - Appendix), and
laucooytoala in axcaaa of 13,000 cells/cu mm was a
feature of 5/7 oaaoa* Tablo 20 - Appendix shows the
biotypea encountered in abscesses* No new strains

wars discovered*

Klebsiella from weund infections
Thirty-seven isolatee of klebslolla in pure
culture wore collected in one year* Caaaa of mixed

infection wore excluded*

The idncidence of klebslella from wound awaba
in purs culture was 37/428 (8)1) and was much leas
common than Staphylococcus pyogenes (118/428), but
only slightly lass common than Bata haemolytic
atraptocoocua (44/428)* Other conforms encountered

in order of frequency were pseudomonas (39/7428), coli
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(35/7428) and proteus (34/428)* The remaining cultures
were mixed* Therefore, during the year of study,
klebsiella, E, oo 11. proteus and pseudomonas collect-
ively occurred in 145 wound isolates, so that the gram
negative organisms ware commoner than Staphylococcus

REogen#£ .

Consideration will be made of the serotypes of
klabaiolla isolated, and tha types of wound infection
found iIn association with klebsiella isolation* These
37 cases comprised 18 males and 19 females. The age

distribution was two days to 7® years™*

There ware three cases of Infected burns (Table
21 - Appendix) - numbers 249, 269 and 273 - klebsiella
infection occurring on the first, ascend and eleventh

day after injury.

Twenty oases of post-operative wound infection
occurred (Table 21 - Appendix)* These were numbers
244, 245, 251, 252, 253, 254, 258, 257, 259, 260, 261,
262, 263, 264, 267* 272, 274, 278, 279 and 280. OfF
these 20 post-operative wound infoctions, seven cases
occurred in tha first post-operative 48 hours* Sight
occurred on tha third to fourth post-operative day*
Two occurred on the fifth to ninth post-operative day.

Three occurred more than ten days poet-operatively.
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Tha wound w»i classified a>i

(a) Normal - 2 oaaaa

(b) Inflamed - 8 eaaaa (i.a. rad and moist,

but not purulent)e

)] Purulent - 10 eaaaa
The remaining 14 oaaaa war# found in akin laalona
aeeooiated with pustule formation or uloaration -
numbers 247, 248, 250, 256, 266, 270, 275, 276, 255,
and 277, or from draining ainuaaa or drainage tubas -

four eaaaa, numbers 246, 265, 268 and 271,

Seven cases war# associated with defective
bleed supply (via* 247, 255, 259, 262, 266, 272 and
275)= Number 277 was a case of ehronlc leg ulcer of
unknown aetiology (see Table 21 - Appendix). Table 22 -
Appendix gives tha temperature range in 37 oases of
klebsiella wound infection. Eighteen cases showed

pyrexia in axoaaa 100°F.

Peripheral whits counts wars dona on 28 patients
and 15/28 showed a laucocytoaia exceeding 11,000.
However, only seven of these had no other signs of
Infection apart from klebsiella wound infection -
these were isolates 249, 253, 259, 260, 262, 273 and
274 (Table 21 - Appendix). Table 23 - Appendix shows
the biotypos and serotypes of klebslella found in

association with wound and akin infection.
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No especial serotype of Wlebaiella is seen
In association with infection* Types 5, 9 and
higher serotypes were found both commensally and

in association with infection (Table 15)-

Table.; 11
SLROTYPES"JdiiOCIATED VIUJJINrECTION
Appuaramwp of vound, Number
ulcer or drainage t.0fM &Sg;g:g Serotype
JMsplrate, Cases™*
Normal 249 Type 5%
Type 9 2m
267 not 1-40
Inf lamed 15 245 A 247 Typef3 *
250 Type 7
el Type 11
256 Type 16
r 259 Type”™ 26
260 & 262 Type 35
26k, 266,)
269, 270, not 1«*40
272, 274.,
and 275.;
Purulent. 19 24i4 4 246 Type 3
4/ "248 - Type 5
t-252 ;: Type 9 i
253 Type 11 %
255 ), Type 15(x17)
257 Type 17
25b ,Type 19
-261 Type 35
263, 265,)
268, 271,)
273, 276,1 not 1-40
277, *?»,)

279, 280%)
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vX11> Klebslella from Autopsy fiptol- nt

Ten isolates of Klebsiella aerogenes were
grown from autopsy swabs (Table 24 - Appendix)e
All occurred in pure culture. Isolates 281 < 286
(Table 24 - Appendix) were taken from the sane patient
at autopsy9 a case of klebsiella meningitis and
septieaenia. Isolates number 287 - 290 were fTrom
a Tatal case of klebsiella liver abscess. Both of
these casesfT and the significance of the autopsy
bacteriology will be discussed under the heading
of multiple klebslella infeotlons. No new strains

were designated from autopsy specimens.

Investigation of Biochemical Heterogeneity of Respiratory
Strains

Having now described the various serotypes
and biotypes of Klebsiella aerogenes isolated from
a variety of elinieal sources, 1irrespective of paths-
genicity, consideration will now be made of whether
strains isolated from the respiratory tract are bio-
chemically more heterogeneous than strains lIsolated

from other sources.

The typical Klebsiella aerogenes as described
by Cowan et al (i960) has previously been defined.
All strains differing in one to four biochemical

tests from the typical strain are defined as heterogeneous.
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Previous description has been made of 111
respiratory strains Isolated during life. One
hundred and seventy-nine other strains, 79 from
urine and 100 from other sources were also studied.
An analysis follows» of whether strains from any

particular Bource/jirefcbiochemically more hotero-

aeneous. -
Table 16
Respiratory * .
Strains Others* Urines
Total Number of Observations 111 loo 79
Biochemically typical 82 82 31
Biochemically variable 29 18 28

2
(x% m 7*01) x overall shows a significant difference
but does not specify which group.

¢all isolates oxoept respiratory and urines.

X*Pls.J2

COMPARISON RESPIIUTORT;;iMyanry ~ OTHUR SOURCES
Respiratory Aé;ugggzr

Total Number of Observations 111 ml179

Biochemlcallytypieal 82 133

Biochemically variable 29 k6

t test of comparison of respiratory with all other sources
shows 0.08. X test on respiratory and other sources shows
no difference between them, p value * 0.9*1.; Significance

none =



COMPARISON Or PRIMARY PJBSIBLLA XXTH ALL OTHER SQURQES

x3r\*_"m% '[- jies YEmA| -Urines All Other Soarcee
Total Nimber of Observations 79 *
Biochemically typical i 51
Biochemically variable 28 % **7 ,>:/: e

t test on oomp&riaon of urines and all other sources
shoes biochemically typical t 2.16, p 0.03, significant.

Y A A WO 19A A OGP/ S

x2 shows a significant difference at % level.

st ,~Xn the series ef KIfftyiella aero”™nm isoiates
from the respiratory tract ?0 were regarded as patho-
v jLiitj >~ ~ & T * t yv= A Bu at
genic and M at commensaleVAIl though none of the

typical K>. .pjlgar~sil, edwarAf,1JL> Ei . « g » ~ 4 f t A1 -
strains of Cowan (1960) wars;enoountsrod; an analyais
was done to sea IT biochenioaXXy atypical strains of
SUb.tlfclAS MyojfPft wcra more pathogenic In the V-"J

K *yv * 2 if » AC A<rE BN * _$ Ha™ SV
respiratory traot, as suggested by Vilson and Milea

(1967). (4.0 |7)-

Aati.bi.otJo R™aietanaa *?r Klcbalclia eerogonaa

Antibiotic resistans# pt ail 290 isolates was <*

measured by the multidisc method, as described inf



T*bl« 19

ARE BIOCHEMICALLY ATYPICALFfTRAINS MORS VIRULENT IN THE

fov.r. RESPIRATORY TRACT?
Pathogenic Commensal
Strains . Strains
Total Number of Observations 70 41
Biochemically typical : 53 31
Biochemically variable 17 10

t teat done above no difference between pathogen* or
commensals for either group (X m 0.0002).
X shows no difference for pathogens and commensals

overalla

the Materials and Methods section. Urinary strains will
be considered separately* as higher concentration discs
were used for this series. The resistance patterns of
111 respiratory strains of Klebsiella aerogenes. and
100 1solates from other sources (excluding urines) are

shown as fTollows (Table 20)e (Page 118)

Consideration will now be made of the number of
antibiotics to which these 111 respiratory and 100 non-

respiratory strains are resistant (Table 21) (page 119)*

Table 22 (page 120) compares the differences 1In
the resistance patterns on the commensal and pathogenic

respiratory strains*
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#, - ™ besbbaMRjg MsjJfFiIA QRy * ? H a t

Commensal jtPathogenic *

Total huaber of Observations ~ ki Wf. % 70 -
Resistant to 1 Antibiotic ®] lIpt*?
Resistant to 2 Antibiotics -~ 3 19
Resistant t#:; J Antibiotics 3

Resistant to K-Antlbletlosf 5 7
Resistant to 3 Antibiotics 7
Resistant to 6 Antibiotics 6

Resistant ts 7 Antibisties '&>v2 P 5
Resittant to 8 Antibiotics >P 2

Resistant to 9 Antibiotics k

Resistant to 10 Antibiotics (g 1V:: i

z overall show# no diff*r«no« between the groups

(analysis of Table 22) ¢ \Y T m>e T _e

\Y Finallyv in the following table (Table 23) an
overall comparison la made in resistance patterns
between biocheaioally typical and bloehenloally hetero-
geneous 1isolates, from all sources except urine. (Page

121).

-HggP*3»ILAgftVid™* Strains of j~ebsiolla "
Antibiograas of hospital and non-hospital acquired

strains* One hundred and seven of the 290 isolates were



ABM BIOOHEHXCAUT ATYPICAL STRAINS MORE RESISTANT TO

NATIsSpdMxciit T xx ; -

A A~ Typical Atypical
Total ™\ yebsiella Klebslella rX
Number of Strains 211 164 t"47VFrr- .
Resistant to”"
1 Antibiotic ; 1J1 29 .f: 10
Resistant to -
A Antibiotics X J °
Resistant to
1 Antibiotics X 34
Resistant to
4 Antibiotics 4X = 23 X ] X3 "X XXX
Resistant to S1 . -'IXX 0 7 6
5 AntibioticsXr , * W
Resistant tol * A
6 Antibiotics;!l: - P19 7 =7 HENT <aaii:
Resistant to 1
1 Antibiotics vj.X. PPI1
Rtditant *e~ A9
8 Antibiotic, hr NP ft.
Resistant to
9 Antibiotic "F 10 S V3
Heslatant toJ ) )
10 Antlbiotiea £2 fc 1] Ifei

*o ‘R & e <\HE"] "o Nfebly» +TF = fj
(* * 10.33) a shows no"dT}fference betlv\)/peen typical ]

1\Y and biochemically atypical Wsbaiella

ovarail (Table S3). -

definitely hospital acquired infection#» ~vTf >4
n The source of these hospital acquired infections
were ;>e .£ f,r-N-vfe" 1 p "™ e
Respiratory tract. ' ffe;; 46 $* Ve
N3A-Np. V- Urines "
2 #waA0 F+rhital tract xir 2 2fr-X *g
t1&StofihS 2
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Blood 1

" , V~biXioalswabs " 8 Ly -
Wound swabs 22
total 107

Those strains will bo discussed later.

One hundred and sixty-four cases were definitely
not hospital acquired and the regaining 19 were Inpossible
to assess; as t ia first specimen* was taken sore than throe

days after admission to hospital. \ e

The Tollowing table compares the resistance patterns
«f the 107 hospital acquired strains with strains present
in out-patients or on admission, to determine whether
there is any significantslncrease in resistance in hospital

strains. (Table 2K - page 123).

The number of the hospital acquired strains were
compared statistically with the non-hospital acquired
strains. For streptomycin and chloramphenicol (p value
in each case 0,003) the hospital acquired strains were

-highly slgnlfloantly more resistant than the non-hotpital

acquired.

Details of Hospital Acquired Isolates

We defined as hospital acquired infection 1
1. Any neonatal infection following hospital delivery.
2. Any case where a previous negative culture had been

obtained from the same site since admission.



T>_b™pi
RESISTANCE OF AHTIBIOTICS EXPRESSED AS PERCENTAGE

Yt . T*T Hospital Non-Hospital
Antibiotic qumk-SSI'lM Acquired ~ :.Acquired

(>:1°7 ) (! T64 £)
(i solates) (isolates)

Penicillin % |- 100* toojt,> -f iooN."v
Streptomycin - Koft >56* 39*
Tetracycline >t i't iii* h% 9% ~§f
Chloramphenicol " 29* 39* 23*
Sulphonamidc M 73* 70* 7 %%
Albamycin T *Q* A 1 26* "4~ #
Ceporin 1 23+ 10* Vo226 > -0
Polymyxin B i T m 9% a 6* 10*
Framycetln 9t 11+
(excluding urines) /5 >5 "t

Fur&dantlin. K 8+ 6*
(urines only)

Amplelllin *5x: _risffi *9 *1 9 A4y

3 * * When symptoms and signi of infection clearly

developed!. after admission* «%:~hp>4 ;> p ==

Of 248 patients under study, 94 (37%) developed
hospital acquired Klebsiella Infections and 107 different
isolates were obtained from these 94 patients* rTable.
25 shows the ward distribution of the patients shewing

Klebsiella infections and of hospital acquire”™inlTeotions.
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Th« highest incidence of overall klebsiella isolation
oaas fTrom Medical Paediatrics and Male Medical and

Male Surgical wards. The highest incidence of hos-
pital acquired infection came from Vard 16 - Medical
Paediatrics (13*8”~ of all hospital acquired infections).
Other wards showing a high incidence of hospital
acquired Infections were the Nursery, Vard 6 (Male

Surgical), Vard 9 (Gynaecology) and Vard 11 (Obstetrics).

In the Nursery, Varda 2, 6, 7, 16, and in the
Recovery Vard sometimes more than one hospital acquired
klebslella occurred iIn the same patient, giving a
greater number of total hospital acquired klebslella

Isolates than patients showing hospital acquired infection.

One hundred and seven isolates of horpital acquired
klebsiella were cultured from 94 patlente. The eerotypea
of these 107 isolates of hospital acquired infections were

as followst

Serotype Number of Specimens

1 3

2 5
3 3
V4 4
8 2
9 8
10 1



1'0 stfrtyge Number of Specimens

11 7
12 1

3;gHfcj” o N NI
rt i

15 *

17 2

19 "yi X 38WAS\M "=
21 1
> | 4 * 1-4l3 . -

not 1-40 33

/;>1 Excluding the untypable strains, the coflMoneet
hospital acquired eerotypes were type* 35* *9> 9* it
3 end 2. All the other biotypeS encountered wore

repreeented by leee then five 1ieoiates.

Xt is seen (Table26) that in the hospital
esquired eerotypes thereis considerable biochenical
variation within the same serotype* indicating that
these represent different strainsf Thus the three

specimens represented by serotype i show two different



Table 26

Table 26 shows the source of

128

infaction and the biotype

of each of these lerotypes, and also the ward of isolation
of each strain.
Isolate Type of
Serotype Numbe r Specimen Blotype Ward
1 1 Throat swab KA duloitol Nursery
(3 speci- 3 Throat swab KA dulcitol Recovery ward
mens) 5 Tracheotomy KA dulcitol Recovery ward
2 k Throat swab MR* indole* 8
(3 speci- 6 Throat swab Malonate - 16
mens) 77 Throat swab KA dulcitol 3
112 Urine KA duloitol Nursery
113 Urine MR* VP- Nursery
., 3 49 Tracheotomy KA dulcitol Recovery ward
(3 speci- 114 Urine KA dulcitol 10
mens) 225 Blood MR>* 6
e e == 244 Wound KA dulcitol 16
245 Wound KA dulcitol 6
L7 8 Sputum Indole * 5
(4 speci- 117 Urine (MR* VP- 6
mens) (gluconate -
e, | e} \ ) , (malonate -
216 Eye swab KA dulcitol Nursery
250 Wound KA dulcitol 14
8 53 Tracheotomy KA dulcitol Recovery ward
(2 speci- 16 Throat swab KA dulcitol Nursery
mens )
9 52 Tracheotomy KA duloitol 5
(8 speci- 59 Sputum KA dulcitol 7
mens) 61 Sputum KA dulcitol 7
83 Sput\im~ MR* VP- 3
87 Sputum KA dulcitol * 7
120 Urine MR* VP- indole* 16
251 Wound KA dulcitol - 19
252 Wound KA dulcitol - 17
10 125 Urine KA dulcitol - 2 i
(@ specimen) Wye =

Continued*.e_e/



Table 26 (Continued)
Isolate Type of
Serotype Number Specimen
11 20 Throat swab
(7 speci- 21 Throat swab
mens ) 50 Tracheotomy
229 Umbilicus
230 Umbilicus
253 Wound
254 Wound @3.tul
12 23 | Throat swab
Li epecim™m)
6k Sputum
fi %Becialml
11 126 Urine
Li opecla™m)
92 Sputum
, 15 _
(* epeci- 13~ Urine
mens)
135 Urine
136 L Urine
F oL fm
16 231 Umbilicus
(2 speci- 256 Wound
mens)
17 232 Umbilicus
(2 speci-
mens)
257 Wound
19 1*3 Urine
(3 speci- 233 Umbilicus
mens) 258 Wound
21 ks Tracheotomy

Il specinnfn)

23 X Xi 23* Umbilicus
Li specinn»n)

A 29 Throat swab
(3 speci- k7 Tracheotomy
mens) k6 Urine

Biotype

KA duloitol
KA dulcitol
KA duloitol
KA duloitol
KA dulcitol
KA dulcitol
KA duloitol

Malonate -
KA duloitol
KA dulcitol

KA dulcitol
(mr+ vp-

1o+ 1

+

(gluconate -

KA duloitol
(MR+ vp-

(gluconate -

KA duloitol
KA duloitol

(adonitol -
(starch -

(glycerol -
KA dulcitol

KA duloitol
KA dulcitol
KA duloitol

KA dulcitol

KA duloitol

KA dulcitol
KA duloitol
KA duloitol

+

r

Ward

Nursery

16

Recovery ward
11

11

2

5

Recovery ward

Nursery
6

Nureery
i )

15

6
12

9

6
12

16
16
11 A

Continued, .



Table 26

Serotype
26

(2 epeci
mens )

29
(8 specl<
mens)

<103§neol'

mens)

not 1-40
(33 sneci-

mens)

(Continued)

Isolate Type of

Number specimen
151 Urine

259 Wound

30 Throat swab
31 Throat swab
32 Throat swab
33 Throat swab
6/ Sputum

68 Sputum

69 Sputum

152 Urine

A Throat swab
35 Throat swab
36 Throat swab
37 Throat swab
36 Throat swab
39 Throat swab
40 Throat swab
70 Sputum

260 Wound

262 Wound

41 Throat swab
415 Throat swab
101 Sputum

102 Sputum

106 Sputum

107 Sputum

109 Sputum

ﬂ57 Urine

158 Urine

161 Urine

163 Urine

165 Urine

167 Urine

168 Urine

175 Urine

178 Urine

Biotype

KA dulcitol
MR+ VP-

KA duloitol
KA duloitol
radonltol -
glycerol -
KA dulcitol
KA duloitol
(MR* VP-
(gluconate -
KA dulcitol
KA duloitol

KA dulcitol
1starch -

glycerol -
adonltol -
starch -

glycerol -
istarch -

glycerol -
malonate -
KA dulcito
KA duloitol
KA dulcitol

130

Ward

+ 1
6

- 16
- 16

Recovery ward
- 16
. 8
6

8
9

Nursery
Nursery

Recovery ward

16

Recovery ward
- Nursery

_ S =

MR+ VP- 1indole- 14

KA dulcitol

KA dulcitol
lysine -
MR+ VP-

KA dulcitol
KA dulcitol
KA dulcitol
adonltol -
KA dulcitol
KA dulcitol
KA dulcitol
indole +
KA duloitol
adonltol -
KA duloitol
KA duloitol
indole +

- 10

+

[
=
c
=
n
o)
=

<

Continued.=../



Table 26 (Continued)
Serotype ;jggzte g%ziiggn Blotype Ward
not 1-40 179 Urine KA dulcitol 6
(33 speci- 182 Urine {gluconate - 3
mens) (malonate -
186 Urine KA dulcitol ¢ 12
204 H.V.S, KA dulcitol - 9
203 H.V.S. KA dulcitol - 9
217 Eye swab KA dulcitol e Nursery
235 Umbilicus adonltol - 11
236 Umbilicus KA dulcitol » 11
263 Wound KA dullcitol o 9
264 Wound KA duloitol ¢ 5
266 Wound KA dulcitol = 17
267 Wound KA dullcitol e
272 Wound (MR+ vp - Yl
(adonltol -
273 Wound . KA dulcitol - 2
274 Wound KA dulcitol - Nursery
276 Wound KA duloitol - 11
277 Wound KA duloitol - 3

blotypest the five

types j the five of

and so on,

were types 1-40 in

biotype,

(Table 27).

The 33

represented by eight different biotypes.

The 74

of type 2 show four different bio-

type 3 show three different biotypes,

hospital

acquired

infections that

fact are represented by 47 different

(P»ge 132)

Hospital

and serotypeu combinations as shown below

isolates that were not serotyped were

strains encountered on two or more occasions were the

following (Table 28)

(Page 133).

131

acquired
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Table 27

SEROTYPES OF KLEBSIELLA ENCOUNTERED IN HOSPITAL

ACQUIRED INFECTION

Sero- Number of No. different biotypes
type _\ Isolates within serotype

1 3 2
2 5 4
3 5 3
7 4 4
6 2 1
9 a 4
10 1 1
1 7 2
12 1 1
13 1 1
14 1 1
15 4 3
16 2 2
17 2 2
19 3 1
21 1 1
23x29 1 1
24 3 2
26 2 2
29 S 4

35 10 5



Table 28

HOSPITAL ACQUIRED STRAINS

Serotype

1

11

15
19
24
29

33

ISOLATED ON TWO OR MORE

OCCASIONS

Blotype

KA duloitol

KA duloitol

KA dulcitol
KA duloitol
KA duloitol
KA duloitol

KA dulcitol

KA duloitol

MR+ VP- gluconate

KA dulcitol
KA dulcitol
KA duloitol
KA duloitol

Starch - )
Glycerol -)

+

*

Vard Isolated

Nursery,
Recovery ward

8 and Nursery

Recovery ward
16 and 6

Recovery ward
Nursery

5. 7, 19, 17,
7 )

Nursery,
Recovery ward
11 and 2 e

16, 11, 5

3, 10

6, 12, 9

16, 16

16, 16, 16, 8,

Nursery,
Nursery, 16,8

Nursery, 16

133
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From the above table there would appear to
be a spread of hospital acquired strains From one
ward to another9 the hospital acquired strains
appearing to be relatively ubiquitous. Only 1iIn the
cases of certain biotypes belonging to serotypes 9*
249 29 and 35 did the same strain appear as a cause
of hospital aoquired infection in the same ward on

more than one occasion within the year.

Also9 several wards showed the presence of
different hospital strains - most notably Ward 16
(Paediatrics) in which serotypes 2, 3, 9, 24, 29 and
35 and several other untyped strains occurred vas
hospital acquired Infeotlonsi the Nursery, where
serotypes 1, 2, 7, 8, 11, 16, 17 and 35 occurredi
the Recovery vard9 where types 19 3* 6, 11, 12, 29
and 35 occurredi Vard 6 (male surgical), where types

3# 79 16* 19» 26 and 29 were encountered.

The following tablt (Table 29) shows the ward
distribution of the various hospital aoquired sero-
types, and Table 30 (page 136) shows the distribution
of serotypes from the various olinioal sources (290

specimens)e
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Table 30

DISTRIBUTION

& SEROTYPES

FROM

THE VARIOUS

CLINICAL

SOURCES

(290 SPECIMENS)
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Xn) Effect of Chemotherapy on lnaction

A history of antibiotics given immedlatoly
proceeding the first Isolation of klebslella from
the patient9 vas taken* Other authors have com-
mented on the frequency of gran negative Infections
since the onset of chemotherapy* and It seened worth-
while to establish whether this klebslella group was
receiving significantly more antibiotics than matched

controls showing no evidence of klebslella infection*

Details were taken of the type of antibiotic
prescribed* tho duration of therapy* and the number
of antibiotics prescribed immediately proceeding the

first isolation of klebslella*

These data were statistically compared with
data from a control group of hospital patlsnts showing
no evldsnoe of klebslella infection - routine throat*
ear swabs and urine oultures were takenf where sputum
could be obtained it was cultured three times* and any
skin lesions were cultured* This klebslella-free group
were exactly matched for days of hospital admission,
ward distribution* age and sex* and approximately matched

for admission diagnosis™

The nntibiotic history of the klebsiella group

of patlente was then compared to the above control group*
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OFf the 2*|8 patient* in this series, 89 were on anti-
biotics at the tine of fTirst isolation of Klebsiella

(i.e. 35# of total).

Of these 89 patients An chemotherapy!

No. of patients on 1 antibiotic m 37

(Q*4.9% of series)

No. of patients on 2 antibiotics * 39
(15*7# of series)

No. of patients on 3 or more 13
antibiotics (5*35# of series)

The question was then asked
How often was the infecting Klebslella resistant to

the antlbiotio to which the patient was exposed at the
time of infection?
M N

Grouf Total No. resistant

Number to .prescribed *
antibiotic

A Patients on 1 antibiotic 37 28 75
B Patients on 2 antibiotics 39

Number resistant to one

of the prescribed anti-

biotics 11 28

Number resistant to both
prescribed antibiotics 20 51

Patients on 3 antibiotics 13

Resistant to 1 antibiotic
prescribed 7

Resistant to 2 antibiotics
prescribed 7

Resistant to 3 antibiotics
prescribed 10 76



4

From the above table we aoo that multiple
chemotherapy leads to infection by multi-reslstant
strains, l.e. 10 out of 13 of the patients receiving
three antibiotics developed klebslella Infections
resistant to all three prescribed antibiotics.
However, even when only one antibiotic was prescribed,
the strain of klebslella wa*» resistant to it 79# of

the time.

In these 89 cases the time iInterval between
onset of antibiotic therapy and development of kleb-
slella infection was examined. Only 15 cases
developed infection during the first three days of
therapy. The peak incldenoe of Infection was at the
fifth day after onset of chemotherapy, with little

decline after the seventh day.

Consideration will now be made of the type of
antibiotic prescribed and the frequency of prescription,
either alone or in combination, in the 2k8 patients

showing klebsiella infection (Table 31).

The most striking feature 1is that 20# of all the
series were on penicillin alone or in combination at
the time of infection. The other most commonly pre-
scribed antibiotics were streptomycin (11#), tetracycline

(9*6#) and chloramphenicol (8.8#).



Tabic 31

TYPE OF ANTIBIOTIC PRESCRIBED AMD FREQUENCY OF PRE-

SCRIPTION. ALONE OR

SHOWING KLEBSIELLA

Antibiotic
Prescribed

Penicillin

Cloxacillln or
Methlclllin

Aisplcillin
Streptomycin

Tetracycline

Chloram-
phenicol

Sulphonamide

Furadantin
Neomycin

Polymyxin

IN COMBINATION.

IN 248 PATIENTS

INFECTION

Prescribed Alone

No.
15

10

a1

O O N w

cases T *

1.2
0.8

In Combination

No.cases
36

2

5

28
14

17

R~ N 0

*

14
0.8
2

1
5.6

6.8

142

Total 32

51 20
3 1.2
6 2.4

28 1
24 9.6
22 8.8
11 4.4
4 1.6
1 0.4
1 0.4



Control Group
The control Jroup showing no svldsnc# of
klebsiella infection bad an inoidence of antibiotic

prescription of 94 out of 248 « 3*# e

Incidenco of antibiotic prescription among
the klebsiella group was 89 out of 248 * 35%. (p

value » 0.49* not significant).

As there was such a close correlation between
tb« Incidence of antlblotio prescription in the two
groups, consideration was then made of the types of
antibiotic prescribed Iin the two groups and the

duration of proscription - (Table 32).

There was a remarkably close correlation be-
tween the iIncidence of prescription of the various
antibiotics in the two groups. The only significant
difference was the more frequent prescription of
chloramphenicol in the klebsiella group (p = 0.016.

significant).

Xt therefore does net appear that antibiotic
proscription per so predisposes to klebslella in-
fection. However, when an analysis i1s ftade of the
duration of prescription of antibiotics in the two

groups, some differences emerge. (Table 33).



Table 32

FREQUENCY OF PRESCRIPTION OF EACH ANTIBIOTIC PER

248 PATIENTS

tibionie Stabsiettacontrol g
Ponieillln 20.0~* 17 .4* 0.46
B C P
Ampleillin 2.6* 4.0* 0.31
Streptomycin 11.0* 10.1~* 0.74
Tetracycline 9.6%* 8.1* 0.56
Chloramphenicol 8.8~ 3.6* 0.016"
Sulphonamide 4.4* 4._4* 1.0
Furadantln 1.6* 1.6* 1.0
Neomycin 0.4* 2.4% 0.06
Polymyxin B o.1* 0.8* 0.56

*(P - 0.016, significant)
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Tablo 33

A COMPARISON OF THE DURATION OT CHEMOTHERAPY XW 69
CASES OF KLEBSIELLA INTBCTION AMD 9* CONTROL CASES
ON ANTIBIOTICS. EACH OUT OF A TOTAL SAMPLE OF 2*8

mat

(Number of caiei expressed as %)

Duration of Klebslella Control P
Chemo therapy Group Group value
(89 cases) (94cases]

kw, J&m ***x*xx Anes.

(1) One dru”™ prescribed 7.3%* 13 .8 0.19
(2) Multiple chemotherapy 9.0* 10.651 o.7*
Three to six days chemo-

therapy

(1) One drug prescribed 19.1* 38.3* 0.003S
(2) Multiple chemotherapy 23.9* 19.a* 0.1(7
Seven days or more

chemotherapy r

(1) One drug prescribed 16.9* 12.851 0 .*=
(2) Multiple chemotherapy 23 .6* 5.391 0*0022*

e(significant)



\k6

Thus the control group (which matched ths
group showing klebsiella infection closely, when
wa consider Incidence of antibiotic prsscription),
significantly had more patients on antibiotics
for three to six days; but after seven days or
more many mors patlsnts in ths klebslslla group
wsrs on multlple chemotherapy, oompared to the

control group, and this dIffsrsncs was significant.

Thus ths duration of antibiotic thsrapy 1is
significantly longer in patients exhibiting klebslella

infection*

Incidence of Plabstss

Ths incidence of clinically diagnosed diabetes
msllitus was taken in the control group and in the
klebslella group.

Total 2fr8 patients iIn each

groujkE
Incidence of diabetes
Klebslslla group 8,0£f p value
Control group 76" 0.07

Therefore diabetes msllitus doss not predispose

to klebslolla infection in hospitalised patients,

(X11) Multiple Klebsiella Infection
This section considers 290 Isolates of Klebsiella
aerogenes from 248 pstlonts. It is interesting to con-

sider in somo detail some of ths patients who developed -



(1) klebsiella infection at different sites,
and to consider whether the seme strain
is involved at each site ;

(2) klebsiella infection in the saws sits
showing a change in infecting biotypo or

serotype™*

Xt is tempting, in clinical medicine, when
an,organism is isolated from a number of different
sites, to attribute one cotoisou source of iInfection
in the body, Xt can be demonstrated that in some
cases in this series several different species of
klebslslla have bean oo-oxistlng In ths seme iIndi-
vidual, and to imply spread of infection from one sits

to ths other would be fallacious*™

Twenty-five patients showed multiple klebslella
Infection* Consideration will first be mads of 16
of these patients from whom Klebsiella aorogenes was

isolated from different sites In the same patient*

Case 1* B*B* A fTemale child of five years developed
multiple klebslslla liver abscesses, serotype 7*
biochemically typical Klebsiella aerogenes. dulcitol e
(isolate 2ki)m Clinical details of this case are

described in the Appendix*

At autopsy, Klebslella aerogenes was recovered

from ths liver (isolate 267), the spleen (isolate 283),
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the kidneys (289) and from mesenteric lymph nodes

(290). Isolates 287-290 were identical biotype and
serotype to Isolate 2*11, and showed Ildentical anti-
biotic resistance, 1.e. resistant to penloillin,
streptomycin, tetracycline, chloramphenicol and
sulphonamlde. These Isolates can therefore be regarded

as arising from one common infective focus.

E.P. Male, *46 years. Past history of
scrotal absoesses seven years ago, Qleading to multiple
scrotal fistulas. Also history of chronic prostatitis

and urethral stricture*

Urine culture on admission showed pus cells
and mbsiel”~a aerogenes which failed to ferment
adonltol or starch and was not types 1-4*0 (isolate
162)* This strain was sensitive to chloramphenicol,
albamycin T, furadantln and polymyxin B. After ex-
cision of urethral stricture and suprapubic cystostomy
catheter drainage yielded K. aerogenes which was indole
+e but whloh, unlike the previous strain, fermented
staroh and adonltol. It was also not types 1-4*0.
This strain (isolate 163) was sensitive only to
chloramphenicol and furadantln, and can be considered
as a case of Klebsiella super-infeotion following Poley
oatheterisation, and a different strain to the original

urinary traot infection.
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Case 3, M.H« This vas one of the three fatal eaaea

in the aeriea. Female, a”ed *3 yearav para HO,
developed fever, vomiting and abdominal distention
four days after Ceasarian section. On the eighth
post-operative day a laparotomy revealed massive
haematoma of the anterior abdominal vail, and para-
lytic ileus. The patient, who was diabetic, developed
thrombophlebitis of the left leg, remained pyrexial,
and died on the tenth post-operative day. Permission

for autopsy was refused.

Three klebslella isolates were obtained during
life. Isolate 1*0 from urine and isolate 222, recovered
three times from bleed cultures, were aerogenes.
serotype 17» shewing typical klebslella biochemistry
and dulcitol - Isolates 1*0 and 222 were sensitive
only to framyoetln and polymyxin. A high vaginal swab
was taken two days after admission (isolate 196) and
this also grew Klabjjiell& ftoyog&nos type 17# but of a
different blotype, 1i.e. adonltol, stmrch and glycerol
were not fexmented, and also differing from the urine
and blood cultures iIn being sensitive to streptomycin,
tetracyellne, chloramphenicol, albamycin T, framyoetln,
ceporin and polymyxin B. The Infant of this mother
also developed a klebslella Infection of the umbllloal
stump (isolate 232) 1identical in antibiotic sensitivity,
serotype and blotype to the strain of aerogenes re-

covered from the high vaginal swab of the mother.
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It reasonably certain that the klebsiella
septicaemia, which contributed to the cause of death,
was the same strain as that causing the urinary tract
infection, while the vaginal strain appeared to con-
tribute in no way to the septicaenmia. It may also be
assumed that by some means the maternal vaginal klebslella
strain was transmitted to the Infant cord (the child was
nursed by the mother for the first two days after
Caesarian seotlon) but the mode of transmission can

only be speculative.

Case 4. R.3. Female, aged 75 years. Presented with
obstructive jaundice due te cholelithiasis. This patient
developed a klebslella urinary infection, serotype 1/»
which failed te ferment adonltol (isolate 141). This
strain was sensitive to polymyxin B only. The patient
also showed elinioal and radiological evidence of aoute
bronchitis. Sputum culture (Isolat%6l) yielded pure

K. aerogenes. type 9% which was NR ¢, indole +, and
sensitive to a wider range of antibiotics, vis. strepto-
mycin, tetracycline, chloramphenicol, albamycin T, ampi-
clllln, franycetln, ceporin and polymyxin. Blood
oultures at this time (isolate 223) showed a type 9
klebslella septleaemla of the same blotype and sensitivity
as the respiratory strain - implying a common origin.

The patient responded well to chemotherapy.
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Cw C.Ci Female, aged 16 years. A ease of
chronic pyelonephritis with oliguria and uraemia.
Urine eulture (i1solate 139) yielded a pure growth
of aerogenes. type 16, which was malonate
negative and resistant to penicillin, sukphonamide,
ampiclllln and ceporin. The throat swab on admission
«r.w fFixMOBB I 1 typ* 23 (l.olata 28), which waa
biochemically typical klebslella and resistant only
to penicillin. The throat was normal, and there
seems to be no connection between the commensal
klebsiella throat carriage, and the significant
klebslella baeteruria of a completely different

serotype and blotype.

Case 6. R.C. Male, aged 21 months. Diagnosis haemo-
lytlo uraemic syndrome. Admitted initially as a

case of acute nephritis, the throat swab on admission
grew pure klebslella type 3 (Isolate 11), biochemically
typical (duloitol o), and sensitive to albamycin T,
framyoetln, ceporin and polymyxin. Three days later,
the throat swab (isolate 12) had been replaced by a
duloitol negative type 3 klebslella, sensitive to
ceporin and polymyxin only. The throat remained normal,
and oould not bo regarded as the focus for a urinary
tract infection due to ¥~ aerogenes (isolate 127)
which was type 10 and sensitive to chloramphenicol,

furadantln, oeporin and polymyxin, although the biotype
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of i1solate 127 from urine was the same as the biotype

of the original throat swab.

Caae 7« A.B> Female, aged 50 years. Diagnosis -

diabetes msllitus, peripheral neuropathy.

On admission, sputum (isolate 72) yielded pure
oulture of K. aerogenes not types 1-40, which was bio-
chemically typical, sensitive to albamycin T, framycetin,
ceporin and polymyxin. One day later a urine sample
(isolate 147) showed significant culture of Klebslella
aerogenes type 23, which was MR ¢, VP -, sensitive to
streptomycin and chloramphenicol only, and associated
with signs of aoute urinary tract infection. Therefore,

a common origin for these tre isolates cannot be assumed.

Case 8. C.B. Female, aged 16 months. A child with
clinical and radiological evidence of bronchopneumonia.
Ear and throat swabs both yielded a dulcitol negative,
bloohemloally typical K. aerogenes. not types 1-40,

both isolates (219 snd 43) being sensitive to all antl-
biotlos except penclilIn and sulphonamldee Sputum

could not be obtained, so the aetiology of the pneumonia

remained uncertain.

Case 9. R.J. This case is of particular Interest since

nine cultures of Klebslella were obtained from various



sources. R.J. vas a male of 62 years and a known
diabetic, admitted in a deeply comatose condition,

with flaccid paralysis, neck stiffness, dehydration,
fever and a peripheral white oount of 25,50 colls/cu.mm

(75" polymorphs)e

Lumbar punoture showed a turbid CSF, and a
pure growth of K. aerogenes type 7, biochemically
typical and duloitol negative (isolate 215). Three
blood cultures (isolate 220) yielded K. aerogenes
type 7% of identical blotype to the CSF. Urine cul-
ture (isolate 115) yielded Klebsiella type 7, bio-

chemically identical to Isolates 215 *nd 220.
The patient died 13 hours after admission.

At Autopsy (see Appendix Tor photographs).

CNS. Meninges diffusely inflamed with a green-
grey exudate, mostly localised to the base. Swab from
meninges yielded K. aerogenes type 7» biochemically

typical dulcitol negative strain (isolate 282).

Renal system. Both kidneys had perirenal

, Fibrosis with.gensly adherent, capsules,_ The surface .
(. 7) v <\"t 'AE*V i Ty A
showed fooal yellow abscesses varying in sise from 2 mm

to 16 mm. Parenchyma showed numerous green abscesses.

(Photograph, see Appendix).
YA VARATEE v/l Tedkeioll I TR S A R AV —>_ id * rf*

Severe acute pyelonephritis, mainly restricted



to tho medulla, showed papillitis necrotans (see

Appendix)e

Prostate. Large but not nodular. Right
lobe filled by an abscess (2x3 cms) fTilled with

green-grey pus.

Histology. Showed a large pyogenic abscess

eavity in the lateral lobe.

sw.b rrpmm a m  ....... 285)
showed aerogenes type 7, bloohemioally typical

and dulcitol negative.

Swab from spleen, whloh was unremarkable
on section, yielded Klebsiella aerogenes type 7t

biochemistry as above (isolate 286).

Here is a case of klebslella type 7 septi-
caemia, arising from a klebsiella prostatle abscess,
causing acute pyelonephritis and klebslella meningitis.
The i1dentical nature of the blotype and serotype of
klebslella obtained from the sources described abeve,
coupled with the fact that all the above isolates were
sensitive to all antibiotics except penicillin and
ceporin, would confirm that the autopsy swabs were
not contaminants. These can be separated from three

ether swabs obtained at autopsy.
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I>olati 281 - swab from bladder wall, which was
slightly dilated with minimal trabeculation «
Klebsiella aerogenes type 13» blotype MR +v VP
indole +« sensitive to sulphonamldef framyoetln and

polymyxin.

Isolate £83 - swab from lung at autopsy. Klebslella
not types 1-40, Indole - Sensitive to all anti-

biotics exeept penicillin.

Isolate 281 - swab from right main bronehus at
autopsy. Typo 31* Indole o. Sensitive to all

antibiotics exeept penicillin.

It 1s likely that the three latter Isolates
of klebsiella wore In no way related to the klebslella
eauslng fatal septicaemia. At autopsy, apart from
congestion and oedema, no gross pulmonary lesions
were seen. Probably the isolates from the lung and

bladder wall are examples of post-mortem contaminants.

C... 10. O.B. F.M1l., ««.d *8 y.«r*.

Caesarian oeetlon for pelvic disproportion.
Post-operative urinary infection - Klebsiella aerogenes
type 3» biochemically typloal (isolate 114) was hospital
aoquired. A high vaginal swab (isolate 195) yielded
1t aerogenes type 15 The urinary tract Infection had

therefore not arisen from the vaginal focus.



Case 11, Baby V, Aged 21 days*

Olagnssit - potltrior urathral valve*
Bilateral cutaneous loop uretostomies per-
formed. Tfost-oparativaly tha urina (isalata
158) grtv )j. aerogenes* biochemically typical 9

oat serotype 14o0*

Vound swabs also repeatedly fr«v the
sane serologically untypable blotype (isolate
274) and all Isolates were sensitive to ampl-~
elllln, albamycin T, furadantln and polymyxin.
In the absence of serological confirmation we
can only say that the wound Infection may have
arisen from eontamlnatlon from Infected urine

from the drainage tubes*
Case 13t H*B* Female* aged 41 years.

Renal calculus, with recurrent urinary
tract Infections over 20 years* Pyelollthotomy
performed* Ten days after operation the patient
developed and klebsiella urinary tract infection
(isolate 125), serotype 10, biochemically typical

and sensitive only to furadantln*

The wound became Infected and subsequently
the nephrectomy tube began to drain foul smelling

pus, which grew gx aerogenes type 11, resistant to



all antibiotics* Therefore, this patient shoved
two independent klebsiella hospital aoquired In*

feetions, 1In contrast to Case 11.
Case 13. 0.0. Male, aged 61 years.

Prostatlo hypertrophy. When seen at Out
Patients, urine (isolate 136) yielded aerogenes
type 15» Indole 4, gelatin liquefied. This strain
was sensitive to chloramphenicol, ceporin and poly-
myxin. This strain was subsequently replaced by a
biochemically typical Kj. aerogenes iIn the urine
(isolate 183) which was sensltlvs to chloramphenicol,

sulphonaalde, furadantln, ceporin and polymyxin.

After hospital admission, swabs from the area
of suprapubic oystostomy (isolate 216) yielded a third
klebslella, type 35» sensitive to chloramphenicol,
albamycin T, ampiclilIn, framyoetln, ceporin and

polymyxin.

This patlsnt apparently became Infected with
three different strains of klebsiella, or may even at

one time have had multiple infection.
Case I, C.C. Male, aged k9 years.

A diabetic, admitted with perforated gastric
ulcer. At laparotomy a large subphrenlo abaceaa waa

found which yielded type 3 Kj, aerogenes which was MR +

157
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(isolate 2k6). Blood cultures at this tine (isolates
22k and 225) yielded two different types of Klebsiella,
Isolate 225 was recovered on six occasions from the
blood, was type 3, MR ¢, and antibiotic resistance
patterns were 1identical to the pus from the subphrenlc

abscess*

One blood culture grew a citrate negative,
untypable Klebsiella with a completely different

sensitivity, and should be regarded as a contaminant*
Case 15 L*J* Female, aged 5" years.

Diagnosis - carcinoma of uterus and left tubo-
varian abscess* Swab from purulent vaginal dlsoharge
(isolate 205) yielded a biochemically typical Klebsiella,
duloitol negative, sensitive to chloramphenicol,
sulphonamide, ampicillln, framycetin, ceporin and

polymyxine

After hysterectomy and bilateral salplngoophoreotomy
the wound drained foul-smelling pus, and this yielded
a few E. coli* but predominantly a heavy culture of
K* aerogenes. with the same blotype and sensitivity
as the HVSe It Is unfortunate that neither of these
Isolates oould be typed, but with the data available

they seem to represent the same strain.
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Case 16. J.C, Female, aged 56 yeara.

Admitted with I'# burn*, Forty-eight hour*
after admission* *w*b* from tho burned area* were
sterile* but five day* after adml**ion became
colonised with K. aerogsnos (isolate 273)» bio-
chemically typical9 duloitol negative. Serotype

was not 1-40 and *en*itive only to polymyxin,

Thirice weekly swab* during the following
two week* showed persistence of isolate 2739 end
superinfection with pseudomonas and proteus in
addition. On tho sixth day of hospitalisation
tho patient developed a klebsiella urinary tract
infection of a different biotype9 i,e, adonitol
negative9 ceporin9 furadantin and also untypable.
It would seem* therefore* that cross infection between
the two sites had not oeeurred* but rather that this
represents two separate incidences of hospital aoquired

infection In the seme patient.

The remaining ten cases represent changes iIn serotype
or blotyne or resistance jpatterw_In specimens takes

from the same eitg.
Case 17, J.C_F. Kale* aged 66 years.

Diabetic ga|M?reno of heel* below knee amputation
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performed. I>1echarged home but stump failed to
heal* Flret swab (265) yielded jL aerogenes not
1-AO, biochemically typical9 sensitive to tetra-
cycline, chloramphenicol, sulphonamlde, albamycin T,

amplellllIn, frafiycetin, ceporin and polymyxin*

One week later, after tetracycline had
been given for seven days, a strain sensitive
only to chloramphenicol, albamycin T, amplelllln,
framy cetln and ceporin vas grown (isolate 275)
which was biochemically ldentioal te Isolate 265
and not typable* Zt Is not known whether this
represents the emergenoe of a resistant mutant

or superinfection with another klebslella species*

0**» 18. I.L. renal*, aged *9 y*ar*.

This lady was admitted with tetanus following
compound fractures of radius and ulna* Tracheotomy
vas performed, and It Is of iInterest that the first
tracheotomy klebslella culture (isolate 50) was type
11, sensitive only to polymyxin. Two days later that
strain had been replaced by a type 1 klebsiella which
was isolated on several occasions thereafter, and
which was sensitive to tetracycline, streptomycin,
chloramphenicol, albamycin T, ampleillin and polymyxin*
Neither strain was associated with clinical signs of
infection, but It Is of Interest that this patient,

who had already had four days streptomycin and chloram-

phenicol therapy, and 14 days tetracycline therapy could
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acquire a type 1 organism sensitive to these anti-

biotics.

Case 19* D>V> Male, aged 71 years*

Prostatectomy Tour months previously, following
one eplaodq6f aoute retention. Patient developed
vesleo-cutaneous fistula draining purulent material! «
Isolates 268 and 271 represent Klebslella aerogenes
obtained from pus draining from the fistula. Neither
were types 1-*10 and both were biochemically typical

dulloitol positive strains.

However, Isolate 268 was sensitive to strepto-
myoin, tetracycline, chloramphenicol and framycetin,
whille strain 271 had developed further resistance to
albamycin T. There was no Interval therapy on anti-
biotics so this may represent either a resistant mutant
of 268, or a Separate strain, since neither could be

serotyped.

Case 20. E.8. Female, aged 73 years.

Crush injury to left leg. Vound swab (252)
Initially grew Klebsiella type 9, resistant to penicillin,
sulphonamlde and amplclilIn. Three days later the wound
«w«b grew m.b.1.XIn, not typ.. 1-40, ro.i.tant to tb.
above antibiotics and to tetracycline. The patient had

had penicillin and tetracycline therapy slnoe admission.
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This seems a clear cut case of prolonged admini-
stration of an antibiotic causing replacement by more

resistant flora*
Case 21* A,C» Male, aged 65 years.

This also represents an example of replacement
by more resistant flora, but this time the patient was

not receiving antibiotics.

The patient had had first stage urethroplasty
and supra pubic oystostomy performed two months pre-
viously, and was readmitted for revision of perineal
urethrostomy. On admission, the patient had a
Klebslella infection of the urine (isolate 156) which
oould not be typed, but which was sensitive to furadantln
and polymyxin. Five days later this had been replaced
by a totally resistant strain of the same biotype and

unknown serotype.
Case 22. T.C. Male, aged 55 years.

Diagnosis - Mycoals fungoides. Patient on
steroid therapy, and had glycosuria at the time of
developing a hospital aoquired urine infection (112)
— type 2, biochemically typical and sensitive to
ohloramphenicol, albamycin T, furadantln, ceporin

and polymyxin. He was given four days furadantln
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and thereafter the urine grew a type 2 strain but
this was MU ot VP and ssnsitlvs only to ceporin.
Hers Is an exampls of reinfection with more resistant

strains during antibiotic therapy.
Case 23. M.Gs Female, aged 6k years.

Diagnosis - epilepsy. Two separate strains of
K. aerogenes isolated from urine at a five day interval,
isolate 190] not 1-40, biochemically MR & V? malon-
ate negative, resistant only to penicillin and sulphona-

mlde.

After five days hospitalisation, Isolate 151*
Klebsiella type *6, biochemically typical, resistant

only to penicillin. No chemotherapy given in the interim.
Case J.0. Female, aged five months.

Pierre Robin syndrome. Admission throat swab
(isolate kk) was typloal K. aerogenes not types 1-40,
resistant to penicillin, sulphonamide and polymyxin.
After four days hospitalisation and no chemotherapy
this was replaced by Isolate k$9 which did not produce
a lysine decarboxylase and was resistant to penicillin,

streptomycin,

tetracycline,/chloramphenicol and sulphonamide. The

throat was inflamed throughout.

Finally, Cass 25. S.A., was a child of six years with



acute stem cell leukaemia. The throat was clinically
normal, but thia child changed the Klebsiella carried
in her throat over a period of ten days. Strain 14
was type 4, duloitol sensitive to chloramphenicol,
framyoetln and polymyxin. Strain 15, also type 4,
was dulcitol negative and sensitive to all the test
antiblotles exeept penicillin. No antiblotlos were

given in the iInterim.
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PART 11

The preparation of Klebsiella typing sera in the
rabbit and mouse, with a comparison of tltres and

Cross reactions obtained iIn the two species.
Review of the Literature - Part Iy
This 1s divided into five parts t

a) Development of serotyping in the identifi-

cation of J{lebsialla oapsular serotypes,

b) Immunological specificity of the %ebsiella
serotypes.

C) Antibody production iIn rabbit and mouse.

d Effect of adjuvgnts on antibody production.

e) Production of antibody-containing ascites

fluid In mice.
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3. REVIEW OF THE LITERATURE

Ha) The development of serotyping in the identification

of Klebsiella capsular aerotypes.

The Tirst attempt to separate the klebsiella
group serologically was made by Clairmont (1902) but
he found agglutination reactions to be unsatisfactory
In separating the various species. Porgss ((1905)
reoorded that agglutination and floooulation teats
depended on the properties of the "mucoid envelope"9
and he Immunised rabbits with heat killed bacteria
and demonstrated sotoatio agglutination with suspensions
heated above 100°C. Toeniessan in 190%* demonstrated
that the mucoid capsule was not Important in aggluti-
nation and the bacterial membrane was of prime
importance in agglutinin production. Toeniessen (1921)
stated that Priedlandersbacillus was composed of
three parts - (s) sndoplasm, (b) ectoplasm, (c) gelatin-
ous shell, and the latter was protein free and composed

of galactose.

Fitzgerald (191**) found that only strains which
had lost their capsule were agglutinable, bo that with
roost strains agglutination reaotions were valueless 1In
serological differentiation. Small and Julianelle

(1923) eliminated capsules by prolonged culture on

166
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agar and prepared nine agglutinating sera, and in 7/
their experiments noted that iIn strains which
retained oapsules preoipitinreactions were ob-
served) they were the first to postulate that
precipitating antigens may be present in the oap-

sular material. &« \ NV

Julianelle (1926a) studied 30 strains of-"
Friedlanders bacillus and demonstrated three groups,
A, B and C, and one heterogeneous group, Pre-
cipitation reaotions were found to be highly specific
for these groups iIn addition to agglutination and
agglutinin adsorption reactions. In the same year,
Julianelle (1926b) made the Important observation
that oapsulate strains produced a specific soluble
substance, and that these strains reaoted only with
the type specific antibodies of the homologous type.
He also demonstrated that Immunisation with capsulate
strains induoed antibody production which aggluti-
nated type specifically, precipitated the soluble
specific substance and proteoted white mice against
infection caused by organisms of the same type.

Rough strains were aoapsulate and produced no soluble
specific substance. Julianelle also observed (1926c0)
that the soluble specific substanoe of Friedlanders

bacillus was non-antigenic when dissociated from



the cell, and this substance is demonstrable in
filtrates of actively growing cultures, and iIn

the blood and urine of iInfected animals.

Four years later, Julianelle (1930) re-
ported on 80 strains isolated from various disease
sites, and of these U2 were Group A, 12 Group B,

7 Group C and 19 Group X. More than 70X of his
Group A strains were associated with pneumonia
in man and 13 of these were non-lactose fermenters.
He found no correlation between the serological

type and fermentation reactions,

Prica (1930) was mainly concerned with
differentiating between rhinoscleroma and other
groups of Fjflebsiella, but he, too, oonfirmed that
speoiflo antibodies could be iInduced in rabbits
to all capaulate strains and these could be demon-
strated by reaotions of agglutination, precipitation

and complement fixation.

Prasek and Prica (1933) demonstrated for
the first time the presence of a specific soluble
carbohydrate in the capsules of rhinoscleroma and
ozena strains, and Neuber (193*0 showed that K.
rhinoscleroma strains represented an antigenlcally

distinct type from Friedlanders strains.



V * "Morris and Julianelle (193*0 reviewed the 7« J
literature to 193*1 on the serological reactions
of rhinoscleroma and showed oross agglutination#
with type C of Friedlanders bacillus. Goslings
and;Snijders; (1936)*confirmed this close relation-
ship and described the D( X and F capsular types

in ozena.

Julianelle (1937)t In a series of experiments,
demonstrated common serological reactions between
pneumoooccus typo Il and Friedlanders bacillus type
B and a strain of B. aerogenes. and confirmed these
cross serological reactions by demonstrating pro-
tection iIn white mice. He noted that decapsulation
of these strains'deprived them of the immunological
relationships™ and type specificity, rendering them
species reactive, thus iIndicating a difference in

somatic antigens within the three strains.

Osterroan and Rettger (1971) compared the
biochemistry7and serology of 20 Ctralns of Fried-
landers bacillus and found biochemical heterogeneity
among the type A organisms, thus confirming previous
work by Julianelle (1930) and by Edwards (1929).

In 198> interest arose iIn the morphology of
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the capsulate bacteria. Klieneberger-Nobel (19)
studied capsulate organisms of many different
species, and found that while the capsules had
definite shape, slime was amorphous, and In Fried-
landers bacillus the capsulated bacteria were
embedded in slime, although loss of either could
ocour. By capsule and slime staining methods she
demonstrated the cell wall and adjoining cytoplasmic
layer. Duguld (19&) demonstrated that various
nutritional deficiencies (such as nitrogen or
phosphate) led to formation of large capsules,
ailnoe carbohydrate was conserved for polysaccharide

synthesis when growth was arrested.

In 190> Kauffroann demonstrated that Jflebsiella
contain 0 antigens and can be divided into O groups.
By oapsular antigens these O groups can be divided
into types, with the same oapsules occurring in
different groups, Klebsiella K10 was almost identical
with Escherichia K39» and antigenic relationships were

also found between t

Klebslella K7 Tand Bacheriohla K55
Kleb.1.11a KA and B.chorichla K3**

Klebsiella K11 and Escherichia K37

Kauffmann also drew attention to the pathogenic sig-

nificance of the Klebsiella group, espeolally in



urinary tract infections, where types 8, 9 and 10

were demonstrated in 90£ of oases. Kauffroann stated
"We must put ths‘:ebsiEBIXa group .... on a par with
the Escherichia group, which likewise is divided into

serotypes without specifio names",

Henriksen (19%*9a and b) reviewed the literature

Ep date but claimed that the maln squroe o;ﬁlnfeptlon

SN 7\ * - v|S
was the respiratory traot
Shor # T" .- n LY, A

Duguid (1951) recorded the value of the wet
im”~™m swSw SnSB ~
India ink film 1In demonstratlng capsule formation,

and showed an incidence of 37/70 cases of capsule

production iIn B, aerogenes.

Two remarkable papers by Brooke (1951* and b)

demonstrated 27 new oapsular typss

designated 15 t©> 41. Factor sera were prepared foi
types 1 to 1 and the new serotypes 15 to 41. Brooke

also showed that blochemlcally typlcal and b|o—

*

ov' ., w r TCif>! A A * v+ /T V-0 eStj

chemlcally aberrant (i.e. adonltol negative, Indole
positive, gelatin positive, Otoe) strains oould possess
identical capsules. Three hundred and eleven out of
323 strains isolated from human material were capsulate

None of the new oapsular types were pathogenic for mice

Vv ; > W # v e AR K 4 :: 1
-” Ih - gd\jﬂ ~m>1

Edwards and Fife (1952) studied 256 non-motile

encapsulated cultures classed as j™ebsiella, confirmed
KNPV *x U 7 VA AN SRRVA



\their biochemioal heterogeneity and divided the organisms :A
into 57 different oapsular types* They noted a marked
difference iIn the distribution of capsular types in the

USA and Denmark. | Edmunds (195*0 described types 6% to;VV, .

69.

Henriksen 7~1952)”~commented onlresults obtained
mainly from the literature, and proposed that the Kaufftaann
olaselfication be supplemented by dividing the J?lobsiell%
group into rhinoscleroma, ozaena, pneumonia er Fried-

"lander and aerogenes subgroups,; as these play different \r?2

roles iIn human pathology* £

V In 1953# two artiolss contributed to our knowledge
of polysacoharide production. Kno3~(1953) showed that
addition of sucrose or gstmotose to the medium did not
influence capsule production, but this was enhaneed by
serum. Vacoinatlon with polysaccharide protected miOe
againat infection with homologous strains, iIn oontraet
to Julianelle®s observations (1926c) that the specific
soluble eubetanoe alone was not antigenice Duguid and Iv"
Wilkinson1933) related polysaccharide production to ,,7
growth, and noted that the rate of production per cell
was greatest in the log phase, although most polysaccharide
was produced after growth eeseatlon. . Capsule production V
was Inoreased ten to 20 fold when growth cessation was
due to limitation of nitrogen, phosphor us or sulphur,

§and this was paralleled by Increased Intracellular poly- v

\ J- 7

saccharide and capéule diamete#y A



By 165** 61 serotypes of XAebsfslia hod boon
describede Henrlksen (195**a,b,c and d)# in a oerleo
of papers, compared tho sross reaotions obtained by

2r.n-a-
in the DBA (1952) with his own results and found
eiderabHe discrepancy in reoetion
and sera* He raised the very

whether the antigenic coustitution of the

types oould lie eenstant* sad the question has still not

g
ins s Vide variety of m* :
W S FPSINSGEIN m Tem I N .
biochemical patterne, and showed similar sorologleal %

reaotione i1n different biotypes, and oven in a typical.

So suggested that the .Kifrbaiollifgroup should be defined
biochemically end not serologically, since cross reaotions
between types ooold also bo demonstrated, e.g. five of rVj
Henrlksen®"e strains showed o eombinatlon of types 29 -m%,

and It, suggesting there may bo gradual transition between

In the Report of tho Bntorobactoriacao Sub-eemmittee
(195%*) the subdivision of the Hlobsiella group as pro-
F vl iQcy VAm-L£ 7w o8- B Wia= Fv * KD, IVSfilr,vded W
posed by Kauffmann (19%19) woo supported) end recommended
that the single Serotypes have no opooial wsmoc, but = VvV A
%q\ yeEf 2 y 02N -\ FWB - K
should bo obaraotoriootf by bmir antigenic formula, so

rocommended; by |fohfftoaiidy™1*e* t#f - "V \&h *
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0 Group > Capsule Type Earlier Designation

1 1 A
2 B
3 C
7,8,10F12. -
2 2 B
3 C
i D
:J™ w5 ?e -\ Y E
6 r

8 Ye"e dxe .
3 11 -
9,13,1". -

Otekov (195*a) reported her work whioh comprised
an 0 antigen analysis of capsule types 15 to 62, By
agglutination and absorption experiments 39 strains
were designated to the previous three 0 groups described
by Kauffmann, and two new O groups, &k and 5 were des-
cribed, each including two strains* 05 was completely
identical to Escherichia 08, and Ot was closely related

to Escherichia &8«

Orskov (195**h) investigated 104 ~lebaiella
strains from the upper respiratory tract and 76 from
the intestinal canal of infants, and only six strains
could not be typed completely by 69 sera. These were
designated types 70, 71 *nd 72.

Edwards and Fife (1955) studied 626 capsulated



non-rootila lebsiell* cultures, and gave details

of serotype and source, and stated "As would be
expeoted, the majority of oultures of types |1 to 6
inclusive were derived from the respiratory traot.
However, their presence was by no means confined to
the respiratory organst they appeared in looalised
infections, urinary infeotlons and stools and\
intestinal contents, blood, and infeotlons of lower
animals, ........ Types 7 to 69 were found as fre-
quently In respiratory diseases as were types 1 to
6, and were almost three times as frequent as the
latter among cultures from blood and localised

infeotlons,” % V. * . >Em .

Cowan (1956) considered the value of the
taxonomy.of the different groups with the family
Enterobaoterlaoae, and stated that the aerogenlo
forms consisted of strains of typical Aerobacter
aerogenes and Klebslella pneumonia and are now
usually grouped together. Strains differing from
the typioal IMViIC reaotions --¢¢ are distributed
among many capsule serotypes, especially 1, 2, 3,

# and 5-

Kauffmann (1956a) investigated 20 Hiebeiella
oultures belonging te various serotypes and desoribed

a speolal subgroup which was indole ¢, gelatin + 1In
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serotypes K26, 29 and 41. In a further paper (1956b)
Kauffmann stressed the need for uniform evaluation

and reporting of biochemical findings.

OYskd@%gkamined biochemically the established
72 Klebsiella capsular types and an additional 158
strains belonging to 49 different capsular types. She
was able to confirm the biochemical heterogeneity
existing within the serotypes by>:setting up 36 bio-

ohemioal typese

Sakazakl and Namioka (1958), working iIn Japan,
were able to type 77*8" of.396 cultures with types
1 to 72 antisera. Of 107 sputum samples 53" were
types 1, 2 and 4, and the rest belonged to 20 different
types. OfF 58 cultures of urine, ten were type 10]
types 1, 4 and 25 were recovered from abscesses, and

types 7 *nd 35 from CSF.

G™Morden et al (1939) studied 34 strains, and
28 strains belonged to 12 of the biochemical types

defined by Orskov, and six new biotypes were described.

Bhattacharya, Oupta and Gupta (1960) studied 200
urinary strains of which only 156 were capsulate. No
particular type was found responsible for urinary
infection (ten were type 23), but the authors did
mention that 14 were types 1-4, types generally

respiratory in origin.



Durlakowa et al (1960) studied 558 strains
and typed UkJ. They could find no biochemical
criteria for the determination of serotype on the
results of 15 biochemical testsp nor could they
demonstrate oorrelation between the biochemical

properties and the 0 antigen.

The problem of correlation of biotype and
serotype was studied by Cowan, Steel, Shaw and
Duguid (1960). The authors studied 182 strains
and on the basis of bioohemical and serological
findings proposed five speclfio categories and
one sub-specific category, and named a new species
Klebsiella edwardsii and a new sub-species Klebsiella

edwardsii var atlantae.

The biochemical characters of the six
categories of Klebsiella were as follows (see page

178).

In Cowan and Steel (1965) the serotypes of

these various biotypes were defined as followst

Biotype Serotype

K. aerogenes 1-72

K. edwardsii v 1land 2;
var edwardsii

K. pneumonia 3

K. edwardsii 1

var atlanta
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e 3.4ptype . V-; Strotypt <
AVWv— v » K. rhinoscleromatiy .> .#* }3S _~

K. ozaenae 3, »5 and 6.

Durlakova (1960) studied 897 klebsiella strains
and determined both X and O antigenicity. Approximately
one third of respiratory-strains were Xk, K5 and K6, and

the 01, 02 or 03 antigen was determined in 85% of cases.

Xn 1962, four new capsular antigens were des-
cribed by MaresE-Babciyssyn, designated K73» X7UT K75

and K76.

K73 showed no cross reactions with K1 to K72]
v KA showed weak reaction with K10) w .
K75 cross reacted with undiluted K3 and K8fF

- K76 showed weak cross reaction with KZU and KX3»

vr Tomisawa (1962a and b), working in Japanstudied
oross precipitation reaotlens of 72 type sera of the
kl.bai.lla group. Antigens which showed weak and retarded
oross reactions and very low antigen tltres reacted with
many type seray and thia he attributed ts.reaotlon with
O antigenln his sscond paper (1962b) Tomisawa showed
that precipitin reactions with 0 antibody and O antigens
wera vary low, and that the IC antibody tltres were much

higher than the 0 tltres. I

Durlakowa et al (1962) further investigated the



new capsular types K73 and 75 and found that many
Of these would decarboxylase arginine or ornithine
as well as lysine. The other serotypes generally
produoed only a lysine decarboxylase, except K3

and some K4 and X5« The following year Durlakowa

et al (1963) studied the capsular and somatic
antigens of 20 strains of j<:iebaiella 1solated from
human secretions, and described four new capsular
antigens, K77» K78, K79 and K80, and two new somatic
antigens 011 and 012.

However, Kauzewaki (1965) studied the cap-
sular types K63 to K72 which had not been considered
in the Kauffmann scheme of 1954, And showed that,
except for strain 67, the rest belonged to groups

01 to 05» viai

01 « Strains 63, 64, 65, 66, 68 and 70.
02 &4 Strains 69 and 72.
05 m Strain 71le

The conclusions of Durlakowa”™ 1963) that somatic
antigens 1In strains 64, 69 and 72 were new was V

therefore not confirmed.



(IX) Review of the literature dealing with the immuno-
logical specificity of the klebsiella serotypes
The specific sugar composition of the klebsiella
antigens has not been worked out in the detail available
for the salmonella and coli antigens, nor has the
basal core or speclfio side chain sugar sequence been
elucidated, which i1n the salmonell&e give the character-
istic 0 antigen determinants. This classification of
the constituent sugars of the salmonellae Into a series
of chemotypes closely related to the serologloal proper-
ties i1s very thoroughly reviewed and explained by
Lttderitz, Staub and Westnhal (1966). Like most entero-
bacterlacae, the reactivity of klebsiella antigens

extends beyond the klebslella group (Cowan and Steel)
(1965).

Kabat and Mayer (1967)> in describing the cross
reactions of the pneumoooctal polysaccharide, states
that the Friedlander type 2 polysaccharide oross reacts

extensively with type 2 anti pneumococcal antisera, and
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this oross reaction is more readily inhibited by glucoronio

acid than by glucose. The specific capsular polysacoharides

of type XX pneumococcus are t
(@) neutral sugarsi L.rhamnose (G°X%)
D glucose

(b) sugar aoidsi D glucuronic acid
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Heidelberger and Avery (1923) firet extracted
the soluble specific substance from type 2 pneumococcus
and showed it to be a polysaccharide, built up of *1.
glucose molecules. The same authors (1924) demon-
strated marked chemical differences between the specifio
soluble substances of types 2 and 3 pneumococcus,
although both reacted as polysaccharides. Goebel (1927)
demonstrated an isomeric relationship between the pro-
ducts of hydrolysis of the specific soluble carbohydrate
in the capsule of Friedlanders type A and pneumococous
type 2, although he noted no immunological resemblance.
Rake (1948) by complement fixation studies with antigens
from Klebsiella pneumonia, Aferobacter, Granuloma bacilli

adt F. coli demonstrated antigenic relationships.

MacPherson, Wilkinson and Swain (1953) showed
that K. aerogenes polysaccharide after NaCl treatment
oould inhibit haemagglutinatlon by viruses of the influenza-
mumps-NDV group due to the polysaccharide causing increased

surface charge on the RBC.

Knoll (1954) showed that the pathogenicity of
K. pneumoniae i1n animal experiments was increased by
simultaneous injection of vegetable or bacterial poly-
saccharides. The pathogenicity of pathogenic strains
was increased, and apathogenic strains were rendered

pathogenic, thus establishing the importance of capsular
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snek and Ciuca (1957) used phenol to
gSgpJd; XFf vl > isff. Af 0 35]
material from the j;leb.i.lla organism -

complex represented 10# of the dry weight
Capsular material was extracted in- ;

was shown

ksen and Kapteln (1959) showed that
pes A, A£E and E (modern nomenclature
u » T ey X i_%

polysaccharide containing four mono-

A common uronic acid was present in all

The monosaccharides found were as follows 1
Galactose in all three in very small amounts
Glucose Iin A and E (1 and 5).

Fucose in A and AE (i.e. In 1 and 1*5).
Mannose 1n AE and E (i.e. In 1x5 and 5).
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such as is found iIn the cross reactivity between Klebsiella
type B and Pneumocoocua type 2 by Avery, Heidelberger
and Goebel (\92%)e

Henriksen and Eriksen (19> >a) showed that fuoose
was present in the capsular polysaccharide of a type AE
[{1Absiella. which had previously been regarded as fucose
free, and the appearance of fucose reduced the cross
reactivity of the strain with other fucose containing
strains of type AE* Fuoose iIn this polysaccharide dis-
appeared after oxidation with periodic acid unlike fucose
of other strains, suggesting that fucose night have a
different location. The sane authors proceeded to show
(19 <b) that capsular polysaccharides from strains of
E. rhinoscleromatis, 1, o:ena, K. pneumoniae and
aerogenes,all classified as type 3, had the sane sero-
logical specificity* Eriksen, Henriksen and Kapteln
(1963) studied the capsular antigens of three cross
reacting klebsiella strains and could detect two separate

antigens i1In each of ths three strains.-"

Eriksen - working in Oslo - (1965s) oompared
the structure of the capsular polysaccharides from K,
aerogenes* Enterobacter and "lebsiella type 3 and showed
that the only demonstrated difference between them was
the nature of the uronic acids* Eriksen (1965b) pro-
ceeded to investigate the serologioal reaotions of

four type 3 speoifis polysaccharides isolated from
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four different species, K. ozaenaot” ,*pneumoniae,

K. rhinoacleromatie and K. aerogenes. Quantitative
precipitin determinations iIn Immune sera against the
four different species showed that the capsular poly-
saccharide precipitated the same quantity of antibody;
the author concluded that this indicated .that the
polysaccharides were identical and was In agreement
With the chemical investigations. Gel precipitation

lines were also i1dentical* AN

Jones and Linker (1965) extracted capsular
polysaccharide from K.”pneumoniae type 2 by phenol
and weak alkalit methods*"" The phenol extraet had a
higher MW and after 1.V. injection iIn rats
both preparations were rapidly oleared from plasma,
but more ef the high MW polysaccharide was taken up

by the liver and spleen than the lower, v >V -

Nimmich and Munter (1967) isolated the capsular
K ens of 72 strains* } They identified
/ana xne u antigens as lipopolysaccharides.
the K antigens as acidic heteropolysacoharides/ 1In a
further paper Nimmich (19"8) showed that the capsular
acidic heteropolysaccharides were composed of seven
different monosaccharides on paper chromatography. The
main componenttwas glucoronicacid, and galacturonic

acid was present in only six antigens, but the capsular

polysaccharides contained at least two other sugars as
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well. Various combinations of monosaccharides were
observed, some with the same qualitative sugar com*
position but differing in their serological specificity,

(see Table 21 - Appendix).

Hojas-Espinosa and Eetrada-Parra (1968a) in-
vestigated the capsular polysaccharide of K. rhino-
acleromatis and Isolated a purified polymer composed
of 60$ tnannose, part ef which was destroyed on periodate
oxidation after reduction and hydrolysis. From the end
products produced it was conoluded that mannose was
linked 1,3 1,h and 1,2 and that urcnic acid, glucose
and galactose are linked 1,3* The importance of mannose
in speoificity was demonstrated by showing that intact
polysaccharide would precipitate with sera from rabbits .
hyperimmunised with IC, rhinoscleromatis and also with t
serum from a patient suffering from rhinoscleroma,
whereas the periodate treated polymer would not precipitate
with the same sera. In a subsequent paper the same authors
(1968b) showed that the K. rhinoscleromatie capsular
polysaccharide polymer consisted of 52% galactose, 20$%
mannose, 12% rhamnose, 17$% uronic acid and traces of

glucose.

Eriksen and Ka$>Jtein (1968) isolated the poly-
saccharides from K. pneumoniae types 1, 2 and 3« Type
1 was shown to contain in the hydrolysate, the roono-

saccharides D glucose, L fucose and g*uteuronic acid.

\ D t mli



Type 1 contained D glucose, mannoae and glucuronic

acid and type 3 D mannose, D galactose and galact-
uronic acid. Specific antibodies against the

oxidised type specific polysaccharide were demonstrated
in antisera to types 1 and 3> and a cross reaction

with type 2 was observed*" . sV

Two recent papers dealing with virulence of
klebsiella from a different approach are worth noting
at this stage* Hall and Humphries (1958) showed a
high correlation between mouse virulence of three
mucoid®"type A strains and one smooth strain of -
pneumoniae and the Insusceptibility of these strains
to phagocytosis by mouse polymorphs™ T “The most virulent
mucoid strain was nsusoeptib}e to phagocytosis and the

avirulent smooth strain was readily phagocytoaed*

Knoll (1958) described a *‘pyro”enic factor™ in
virulent “lebslella strains, which was i1dentified as a
lipid bound to polysaooharide. The somatic lipopoly-
saccharides differed In composition of their poly-
saccharides from the fTiltrate containing the pyrogen
factor, and the former were less pyrogenio* The authors
postulated that carbohydrates were responsible for sero-
logical specificity whereas the llpid-polysaccharide

complex mediated pyrogenioity.

188



Review of tho-literature:daaliag with antibody prqg-

duction in the rabbit and the mouse *

Sinoe a comparison will be made of antibody-
levels to killed aeror.cnti ogltureir i1n the rabbit
and the mouse, a review of the literature dealing with

antibocy production iIn these two Opecies fTollows.

\ N As far back as 1883, Friedlander inoeulated
live oultures of f$leb»i>**BL suspended in distilled
water *» his "mlcrooocci der Pneumonia*, i1Into the
thoracfgkgf rabbits, mice, guinea pigs and dogs*
Only the mice, and 30" of the guinea pigs developed
positive signs of pneumonia and one out of five dogs

died of dyspnosa and positive lung culture, v

Hoyle (1935) induced pneumonic lesions in mice
to a variety of bacteria and viruses, and by Intranasal
insufflation of 0.05 cc broth oulture of K. pneumonia
produced patchy consolidation and pleural effusion.
Hoyle and QFr (197°5) did further histology on these
lesions, and demonstrated multifocal oollspee as sarly
as ths first day, and extensive haemorrhagic consoli-

dation by the second to fourth day.

FFink and Quinn J1953) studied antibody production
to a protein antigen - Egg Albumin, and to pneumococous

polysaccharide# For both antigens the intra abdominal
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route produced a higher antibody response than the
intramuscular route# However, Of the total number ,
of animals tested only 4#7£ failed to produee™anti

egg albumin, whereas 57*2” failed to produoe anti-
pneumococcal polysaccharide~ Five inbred strains of =
mice were studied and genetic variation in the ability
of the strains te produoe antibody to either poly-
saccharide or protein antigen was demonstrated, and

a maximum antibody response was not demonstrated to
both antigens in those mica* geared to high antibody
production,£ The authors suggested that the mouse does
not form antibody to antigens of different chemical
composition In an identical.manner. Age was highly
significant! animals aged four to five months pro-
duced much more antibody than two month old micei

the sex of the animals had no effect# ren and Olitaki
(1953) tested 55 Klabeieila strains for mouse patho-
genicity by the Intraperltoneal and respiratory routea
and found only one strain (01K2) to be pathogenic in
high dilutions*-The others, whioh inoluded type 1 and
other type 3 strains were only slightly, or non patho-
genic, concluding that there was no correlation between

antigenic formulae and pathogenicity. - -

; Marcus, Donaldson and K*plin”™(1955) showed reduced
host reaistanoe to K# aerogenes Infection iIn inradiated
compared to normal mioe as demonstrated by higher mor-

tality rate iIn the former group.
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response to bovine serum albumin in incomplete Freunds
adjuvant. The presence of naturally occurring anti-
bodies for staphylococci in non-immunised germ free mice
was demonstrated by Cohen, Newton, Cherry and Updyke
(1963) although the stimulus for antibody formation

was not determined. The work of Rothberg and Talmage
(1961) was extended by Farr, Grey, Dickenson and
Rothenstein (1963)* who showed that the capacity of
different genetic strains of mice to produce antibodies
to B.S_A* varied inversly with the amount of B.S._A.
needed to produce detectable antibody synthesis in each
strain, confirming that the parameters of antibody pro-

ductlon tested were under some genetic Influence.

Batshon, Baer and Shaffer (1963) demonstrated
the ability of large doses of Klebslella pneumoniae
type 2 to produce immunological paralysis in mioee The
dose required to produoe paralysis was 750 ug of poly-
saccharide, and this persisted for 60 days. Mioe given
only 2.5 ug polysaccharide showed Riorum antibody pro-

duction within five days*

Asherson and Holborrow (1966) demonstrated auto-
antibody production to colon 1n rabbits Inoculated with
various gram negative bacteria,”Including 212 animals
inoculated with Jgpsielln. and complete Freunds adjuvant.
Wu and Trice (1967) did further work on immunological

paralysis in Swiss albino mice with 5 ug of type 2

J
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Klebsiella capsular polysaccharide and paralysis ™ -v

with 1,000 .ug, and this declined after three months.

Review of the literature dealing with the effect of

adjuvants on antibody production,} r

Freund and McDermott (19**2) showed increased
antigenicity of nice serun.,when combined with a * >
mixture of lanolin, parrafin oil and killed tubercle
bacilli, and guinea pigs Injected with this combination V

showed iIncreased sensitisation and precipitin formation.

Landstelner and Chase (19%2) and Chase ((19**3)
used Freund"s adjuvants to induce sensitisation and
antibody formation towards chemicals, protein conjugates,
horse serum and protein. Kopeloff and Kopeloff (19*0)
used Freund®"s complete adjuvant to demonstrate anti-
body formation against brain extracts in the monkey,
and as a result of this work It seemed desirable to>» ., v *
extend studies to other antigens. Freund and B rato
(>944) therefore selected a water soluble antigen
(diphtheria toxoid) and a particulate antigen (killed
Salmonella typhi) and showed that lanolin and diph-
theria “"toxoid enhanced and prolonged antitoxin pro- 47
duction compared to injection of plain toxoid. "The
authors also showed that paraffin oil enhanced and sustained
antibody formation against S. typhi. and that killed

tubercle bacilli had an additional synergistio effect
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Jj—= Fox, Rickard and others (19M9) showed more
prolonged i1mmunity to Murine typhus when the
vaccine was given in a water in oil emulsion, and
Lipton and Freund (1950) showed that complement
fixing and neutralising antibodies could be produced

with inectiviated rabies virus iIn paraffin oil.

Vard and others (1950) showed enhanced
production of neutralising antibodies to poliovlrus
when i1njected with itther Freund®s Incomplete or
complete adjuvant, but the latter gave a higher
titre. Salk et al (1951) confirmed the enhanced
immungenity of virus antigen with adjuvant iIn his
work on Infl juftsa viruses.

Freund (1950 noted that paraffin oil alone
enhanced and prolonged antibody formation, but had
little effect on sensitisation. The addition of
mycobacteria had a marked Increase in sensitisation
but, depending on the antigen, may or may not Increase
antibody production above that effected by oil. This
potentiating quality was independent of whether the
organism was pathogenic (Mycobacterium tuberculosis)
or saprophytic (Nooardia asteroides)e Uchitel and
Khasmau (1965) reviewed the various theories on the
mode of action of adjuvants, and by working with

rabbits showed that non-specific stimulators of



antibody formation (endotoxin, pyrogen, Freundlao
adjuvmt) rapidly increased i1ncorporation of
labelled amino acids in serum protein, and te
regional lymph nodes, splsen and adrenal glands,
and thiitwas coincidental to a marked rise In the
number of plasma oells in the spleen and regional ,
lymph nodes. The authors therefore concluded that
the adjuv(\nt action of substances causing non-
specific stimulation of antibody formation- was >
aeaoclLated with their capacity to stimulate protein
synthesis in the animal, this being of paramount ?

importance in the inductive stage” of antibody ;V
forroation* -"3y"0"*rj & VST b Salt N Tl

Nusen (1957) , in studying the sechaniis .
adjuvant effeot, disoussed the effect of slow release
of antigen from the depot site. Hr f#Vn very small
*m#nat» of antigen to an apiXal at »b#rt intervals, >
and noted a stimulating effeot only when the injection
waj jepeatedly given at the same sit#» g
It was applied at different sites. Ramon concluded

i inflammation was effective iIn antibody production.

Bernstein and Malkell (196*0 studied humoral
antibody response iIn 31 patients before and after
treatment with one injection of water in oil emulsion.

There was no significant alteration in viral, bacterial,



er potion antibody tltres following this injection,
nor were I 1 m function toots altered, nor the pre-
sence of anti-tlasu# antibodies demonstrated*J These
results demonstrated that the clinical effects o T T
water in oil adjuvants were not mediated by a non-
specific ,anamnestic response, nor are they parti- y

cularly dangerous to ouch organs so tbs livor*”

LowsT(1964) studied serum protein changes in
adjuvant induced arthritis iIn rats and showed that
the majority of ehoagoo were sooocloted with iIn-
flammstion * ouch as elevation of alpha and bets
g!qbulins, ai?itho appearance of s pre-albumin band

kY AR R RYL L e LU 4B ATy en
sad fall i1In total serum albumin*. -

The mouse has boon shown to possess four major
kw AT W »3 X P = B
Immunoglobulin olaoseo, XgOt, XgGg, IgA and ZgM.
Barth, McLaughlin and Farley (1965) investigated ton
strains of mioo with DNP-haemocyanin and comploto ~
Freund®s sdjttv »nt* Ths authors found no change in
serum immunoglobulins after sne injection of ostlgon
alone. \ k single injection of antigen in Freund®s t
adjuvant showed a two to five fold rise iIn IgOt and
O second Injootlon a ton fold increase. There was
also lesser absolute increases iIn the other thro# vy

immunoglobulins, but the interesting feature was >



that tha response of speoifio 1mmunoglobulins to
antigenic challenge wasjatrain dependent. %C57BL
mioe showed marked increases in IgM and IgA, while

the? white Swiss mice showed fcighest 1gG ” levels

| Oee Tt966) studied the qualitative aspectV
of the I1g0(7S) antibody response in the mouse and
showed that the production of IgG" and/or

would be influenced by the antigen, the adjuv nt,
}hep;;rain of mgifeé aqgmgrgrjggi_fégosure tgyh;

antigen.

White (1968)2 i1n his presidential address
to the Royal Society of Medicine, pointed out that
an adjuv~nt may even start off an Immunologloal
response which would not od ur in the presence of
antigen alone; In addition, adjuv nts act by en-
hanclng both humoral and cell mediated immunity,
but In guinea pigs such adjuv nts as water in oil

emulsions have not produced delayed hypersensitivity

respdnses.& ?y" 1/ .
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Freundls adjuvant and showed that 19S antibody
was related to the appearance of a non-phagocytic
mononuclear cell, while levels of circulating 7S
(1gG) paralleled antibody and Y globulin in the
plasma cell. The authors rsvlewed the contro-
versial literature which exists on whether the
two responses can be effected by the same cell.
The observations on the type of antibody made may
not apply to other antigens given with or without

adjuvante

Youmans and Yousans (19<>7) tested adjuvant
activity of several incomplete adjuvants 1n mios
to virulent tuberole bacilli and found that Freund®s
incomplete adjuvant consisting of aquaphor and heavy
mineral oil was the best adjuvant tasted. Using
minimal vaccinating doses i1t was ssssntlal to pro-
duce uniform and complete emulslflcation for maximal

adjuvant activity.

Herbert (1968) produced peak antibody titrea
in mioe given a single subcutaneous i1noculation of
ovalbumin 1n incomplete Frftunds adjuvant, and anti-
body tltres were 500 times thoss produoed by the same
dose of ovalbumin without adjuvant. Inoomplete adjuvant
alone, or when injected at a separate site from the

antigen produced an antibody response. Ovalbumin was



was detected in emulsion recovered from injected mice
for up to 544 days after inoculations,iand its half
life within the emulsion was found to be about 90
dayse This indicated that incomplete adjuvant exerts
iIts effect solely by the slow and even release of
small quantities of antigen over a prolonged time*
Creach et al (1968) studied the effeots of complete
Freund*s adjuvant, incomplete Freund®s adjuvant,
lipopolysaccharide and purified phospholipid* The
highest tltres were obtained by 0lpopolysacoharlde”
in incomplete Freund®s adjuvent, but the rise was
quicker with phospholipid*.WThere vasenoptimal™*;,
RRoUNt st adjuyant above whlch thgflmmunologlcal >
response was weaker - this was 46 Aé% for lipopoly-
saccharides from S. typhi and 40 - 80v;gn for
phosphplipid extracts - 5 VI )

.. n [ - "3

ofe

Review- Of the literature dealing with production of
antibody contaitring aRbn4tvi-fFLidagiim miike - = <4
F et ieRe © - UK e T-4 i
Th* production of antiaera in mice i1* limited
by the email volumes of blood obtainable from each

animal* ?Peritoneal quud contains dpeoifio antibody
, AV, S - - . —=*mC - -/ m; VEFAVIE>F 3 1Y

in high ooncentration, and Munon(19§7/'|nocuiated
Swiss Webster female mice with either bovine serum

alburoinuw/or egg “albumlii in Freund®s oomplete adju-vabnt.
>n intraperitoneal-
Each mouse recelveqk§w3f0 25 ®Vinjections of the

«4



antigen/adjuvant mixture at two weekly intervals,
then was allowed to develop ascites for at least
three weeks. The volumes of ascitic fluid ob-
tained ranged from 0,5 ml to 14 ml per mouse and
up to three tappings were obtained. About 50" of
all mice responded with accumulation of peri-

toneal fluid.

Herrmann and Engle (1958) worked with

Influenza A virus and Newcastle Disease virus, and

showed that following twice weekly injections on .

alternate weeks for six weeks, the Webster strain

of Swiss mice would produoe an ascites following

the i1njection of a 1s20 saline solution of Sarcoma 180
cells. The antibody levels in the sarcoma induced
ascites were comparable to blood levels by haem-
agglutinatlon inhibition, and virus neutralisation
tests were positive with the specific Immune ascitic
fluid.

Kasel, Lieberman and Smith (1959) obtained
ascitic fluid in adult female Swiss albino mioe by
giving intramuscular injeotions of Influenza A or
Caxsackle B viruses followed by several intra-

peritoneal injections of oomplete adjuvant.

Lieberman, Douglas and Humphrey (1959) pro-
duced ascitic fluid containing high titres of anti-

body in male Swiss stock strain of mice, after giving

200
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two to three intraperltoneal injections of 0*3 ml

Of Staphylococcus aureus nixed with Oonplsts = \
adjuvsmt. One hundred percent of the injectedJ
nice showed an ascitic response, and at eaoh tap
the volume obtained was two to 12 ml per animal,

and up to three aspirates could be obtained. Serun
and ascitic fluid antibody tltres were similar,

measured by the slide agglutination methods.

“tr'lS I an extension of the above work, Lieberman,
Douglas and Mantel (1960) showed that ascitic fluid
containing antibodies could be produced from 100% of
mice Injeoted with various *trains:of Staphyloooocus -
aureus or Salmonelly enteridltis mixed with incomplete
Freund®s adjuvant. ,Production of asoitio fluid was
not, however, continuous for all mice® and over a four
month Interval, the yield was 12 to 15 ml per mouse
for persistant producers and four to six ml on an
average. Increase i1n the volume of ascitic fluid
produced was also obtained by adding hyaluronidase
or trypsin to the antigen/adjuvjjnt mixture. The
authors found the average total protein of ascitic
fluid to be 3*98, composed of 1.37 g/KC>4alburoin, 2.61
globulin and 0.86 Vglobulin, oompared to immune serum
which contained an average of 5*3 gm/100 ml total pro-
tein, 1.97 g/100 ml albumin, 3*57 globulin and 1.27

N globulin.  Sommerville (1967) used Freund®s complete
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adjuvant and Mycobacterium sroegratis as the
adjuvant in obtaining hyperimmune anti-species
globulin to human or rabbit IgG and obtained

titrea of up to 1t64 by gel diffusion.

~~vrtorelli and Booth (1961) ahowed enhanced
inhibition of Sarcoma 180 aacitea tumour using
combinations of azaserine and purine analogs,
and further work on the modification of Sarcoma
180 tumour was done by Fodor, Clarke and Bodansky

(1961).

A comprehensive review of the literature
on metabolic factors affecting tumour inhibition
was presented by Sartorelli, Upchurch, Bieber and
Booth (1964), who studied the biochemical mechanisms
in the anti neoplaatic activity of azerine and various
purine analogs such as 6 chloropurine and 6 roercapto-
purine on Sarcoma 180. They desoribed the metabolic
features of the modified purine resistant neoplasm
Sarcoma 180 TG, and this work was extended in a

further article by Bieber and Sartorelli (1964).

The use of this modified relatively non-
virulent subline Sarcoma 180 TG was described by
Sartorelli, Fischer and Downs (1966) to produce
ascites fTluids containing antibodies against several

arboviruses, proteins (albumin and ~globulins), whole
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human serum, and a cellular antigen (sheep erythro-
cytes). Quantitative precipitin teste using mouse
ascitic fluid as antibody and human serum albumin
as antigen shoved the zone of equivalence to be a
broad plateau at 19 mgm/ml of protein antibody iIn
one animal and to be 11 ragwml in a second. The
authors comment that the quantitative precipitin
curve of mouse antibody is very similar to rabbit

antibody.

*/V , The same principles of immunisation were ;
applied by Tikasingh, Spence and Downs (1966) and
produced large volumes of mouse ascitic fTluids with
high antiviral titres to a range of arboviruses. The
acsltic fluids produoed reacted specifically with the
viruses to whioh they were prepared In Cross com-
plement fixation and haemagglutination inhibition

tests.
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Wb . HATCKXAJLB AMO METHODS

The i1aaunlsatiorfichedule In tha rabbita htt

already bean described (Matarlala and Kathode* Part X)e

aiffliid f]
STRAIB Swiss <train ef white aloe
~exi Temale Ifithihti 18 - ** «e«-
AANE NI .vgn]t ADife#” Freimd*s dancoropie
Sarcoma» modified eu line 180 TO (TRYL 53886)
obtained from Trinidad Regional Virus =

Vv Laboratory (8a”torelll et al - 1964)

I"rol1a?Inarfe”Sreaning for natgvaffjfr occurrln™-jaitibod i, s

| H Taatttt*, *jim&a

Fifty alee were ineoulated as fellows
B&X—
0*2 al eterile physiological saline ¢ 3*1 al
Freund*e 1ncomplete adjuvant (DIfco) well
r*1*#4 Sad injected intraperitoneallye-
JJ et ATAZ \3-3: VoA e
saline ¢ 0*3 *1 Freund's incomplete ad-

Intraperitoneally. 3.3 33%V;:;3::

/5015 al saline ¢ 0*3 al Freund9s Incomplete ad-
A i & IR «*?2>8<e *t-y v I oth
Juv nt®@intraperitoneally

wfi-~ %
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Pig: M
0.5 ml of 1/10 suspension in physiological

saline of Sarcona 180 TO. T

Sarcoma 180 TO was maintained by serial passage
through adult Swiss mice. These mice were tapped fird
Sarcoma dilutions made immediately prior to inooulatlon

for Immunisation puirpQaa**sh;

Vhen abdominal distension was marked, mioe were
tapped i1ntraperitoneally and asoltlc fluid oollected

in sterile test tubes (see photograph - Appendix),

Ascitic fTluid was centrifuged three times at
5,000 rpm for 30 minutes, and clear supernatant collected.
Asoltlc fluid obtained from the 50 mice Inoculated above were
tested neat, and at dilutions of one quarter against formolr
saline suspensions of each of the 72 klebsiella serotypes,
for Quellung reaction. None of these 50 mice showed
naturally oocurring j<lebsiella antibodies In ascitic
Tfluid at these dilutions. Bach mouse was then exaaguin-
ated, but the small amount of serum obtained from each
made It necessary to test for circulating antibodies to
the /2 serotypes at a serum dilution of one quarter only.
No evidenoe of naturally occurring serum antibodies to
any of the i"lebsiella serotypes could be detected by this

technique.
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Immunisations \Y \V/
ASN&S™ «M AT S AR * w MeHWNP N X

Batches of six mice were caged together and
each batoh was Immunised with a mixture of homologous,
antigen prepared as deeoribei for the rabbit schedule,
and Freund’s incomplete adjuvant. The iImmunisation
schedule was as previously described in the screening
technique, except that antigen was substituted for
saline. Immediately prior to each i1noculation equi-
volumeS of antigen and Freund’s Incomplete adjuvant
were well shaken in a sterile Bijou bottle and this

mixture used for iIntraperitoneal iInjections*

Mioe were tapped intraperitoneally when abdominal
distension was marked - this varied from day 30 to day
42 of the immunisation schedule* Ascitic fTluid obtained
from each batch of mice was pooled and centrifuged as
above, and stored in 3 ml aliquots at -20°C. Ascitic
fluid was then tested for homologous antibody levels
by the capsular Quellung reaction and for cross reactions,

as described in Materials and Methods, Part 1,

Batches of mice were Immunised to 40 klebsiella
serotypes (types 1-40) by this method, and antibody tltres
and cross reactions investigated* The volumes of asoltic
fluid obtained In each batoh of six mioe, and the number

of surviving mice are listed in Table 26 of the Appendix*



A proportion of mice survived to produoe a
second ascitic response. Ascitic fluid collected
from the second aspiration was tested for cross
reactions independently of the first aspirate. No
changes 1In oross reaction were seen In the two

aspirate**.
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PART 11

56 . RESULTS

Tho following table (Table 1 - Part 11) (page 209)
shows the antibody levels obtained iIn rabbit and mduse,

tested by Quellung reaction with homologous antigen.

From *0 antisera prepared to different* Klebsiella
serotypes in rabbit and mouse |

Rabbit titre exceeded mouse titre in 17.

Rabbit titre same as mouse titre 1iIn 8.

Rabbit titre less than mouse titre in 15*

It can therefore be assumed that the method used
for hyperiromunlsation of the mouse against j™lebslella
species is as effective as the standard method desorlbed

in the rabbit, i1n obtaining homologous antisera.

The ~l.ebsiella serotypes which were poor antigens
in the rabbit, 1.e. gave tltres of 1/8 or less, were sero-
types 5, 6, 11, 13, I, 16, 20, 22, 23 and 39. Of these
ten serotypes three of them were also poor antigens in the
mouse, viz. 5, 16, 22. Serotypes 11 and 4 gave much the
better responses iIn the mouse (tltres 1/128) as did sero-
type 23 (titre 1/6*4), demonstrating that a serotype may
be only weakly antigenic in one animal and strongly anti-

genic 1n another.
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Eaoh of the kO antisera prepared were tested
for cross reaotions with antigen suspensions of
serotypes 1-72. The serum dilution to which a
positive Quellung reaction was given iIs shown in

brackets (Table 2 - Part 11) (page 211).

A very striking difference iIn the oross re-
actions is seen In antiaera prepared in the rabbit
and hyperimmune ascitic fluid prepared in the mouse,

despite the fact that the antigens used were identical.

The only common oross reactions found were in
antisera prepared against type 11 which gave a common ~
Cross reaction totype 24, and here the oross reaction
in the mouse was positive to a very high titre (yi28)
compared to the rabbit (Y*)] to antisera to type 12
where cross reactions to types 10 and 26 were present
in both (each to end to type 15 where common Cross

reactions to types 5 and were observed (both to Y*O .

In the *0 antisera prepared in the rabbit there
was a total of 5% oross reactions to heterologous anti-
gens, and in hyperimmune ascitic fluid a total of 99
cross reactions, of which only five were common to both

animals. » " ¥e VI * -V _ 4°C

It appears that the mouse recognises many more
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antigenic determinants in the J(lebsiella oapsular
polyaacoharldW foreign, than does the rabbit,
although the extent of response to the homologous

antigen is comparable in both animals.

NImmloh (see Table 27 - Appendix) character-
iIsed sugar components of the capsular poly-
saccharides of the 72 capsular serotypes of|%lebsiella.
Type 1 has the relatively simple structure of gluco-
ronic acid, glucose and fuoose. In antisera to type
1 prepared i1n the rabbit, this oross reaoted with
type 12, glucuronic acid, galactose, glucose and

rhamnose, and type 37 galactose and glucose.

The common component sugar In these three  -.
serotypes is glucose, and glucuronic acid is common
to types 1 and 12 but not to type 37* Type #1, which
cross reacted in the mouse also has glucuronic aoid
and glucose iIn common with type 1, “-However, glucuronic
acid and glucose are present iIn a large number of the
other serotypes (see Table 27 - Appendix) where no
cross reactions were shown. The very high order of -,
cross reaotions obtained iIn hyperimmune aseitic fluid
prepared against serotype 2 (immunodornnant sugary —
glucuronic aoid, galactose, glucose and mannose), VX1

which oross reacted to a titre of YI28 to types 21
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and 29 may be explained by thefact that type 24 ie j
composed of three out of,“four of these sugars, l.e. j./'V
glucuronic acid, glucose and manuoso.and type 29 'V
of two out of four of these sugars* i1.e. galactose

and mannose. This does not explain why no cross
reactions to other serotypes containing these sugars

occurred. ) N Of

Galacturonic acid appears to play no part in
immunological specificity, since no cross reactions
were observed between the serotypes of which i1t 1is

a component, i.e. types 3, 29, 34, 48, 49, 57 and 63.

Xn considering the position of the 6-desoxy-
hexoses 1n Immunological;,specificity, Nno oOross
reaotions were observed between serotypes containing
fucose. i.e. serotypes 6, 16, 5» 59, 60, 63 and
68 . Xn the 40 antisera studied, rhamnose iIs con-
tained in the oapsular polysaccharide of types 9, 18,
and 63 and antisera to type 9 cross reacted with type
18 in the rabbit and type 63 in the mouse, so rhamnose
may play some part in imtnunolpglcal specificity, but
this does not explain the cross reactions iIn rabbit

antisera to type 9 with antigenic types 25 and 36.

It would appear from NImmlch®s qualitative

analysis that some differences in the three dimensional



arrangement of glucuronic acid, galactose, glucose

and mannose determine the immunologioal specificity
of the Me-fesiella oapsular antigens* An important
faot i1s that antisera to the various JEli&siella
serotypes prepared” by different workers show different
oross reactions (Edwards and Ewing (1962)), the
[“ebsiella serotypes cannot be grouped for standard
cross reactions, and 1t is absolutely necessary that
each oapsular antiserum prepared be tested against

all known oapsular typese

The iImmunisation schedule used iIn the mouse
involved the use of Freund®"s incomplete adjuvant.
The differences In cross reactions iIn the two species
may have been influenced by adjuv™pt. The incomplete
adjuvant may have modified the structure of the
immunodominant sugar) e.g. mineral oil can extract
lipopolysaocharide from mycobacteria. However, as
pointed out by White (1967) it is unlikely that ad-
juvant effeot is due to this factor. However, modi-
fication of oapsular polysaooharide materials by
mineral oil should be considered as a possible factor.
One other explanation of the differences iIn the oross
reactions in the two immunisation schedules is that
adjuvant, by prolonging antigen retention in the

has®reduced the specificity of the reaction.



An argument against the latter*explanation

is that the. oross reaotions observed in the mouse

would have been additional to those observed
the rabbit,

in
rather than almost completely different,

as was the case. Also",the mioe which were tapped

for ascitic fluid a second time, showed no iInorease

in the number of cross reactions detected.



6. GENERAL DISCUSSION

Although the literature on olinieal infective
syndromes due to klebslella species iIs extensive, no
previous publications compare the iIncidence of isolation
of Kj. aerogenes from different clinical sites in health
and disease, This survey was undertaken in an attempt
to elucidate the significance of Isolating aerogenes
from clinical specimens, and to iInvestigate the role of

antibiotics in establishing or facilitating infection.

The wide variety of sources from which klebsiella
was obtained well indicate the ubiquitous nature of K.
aerogenes in the body, apart from its normal commensal
role in the intestinal flora, (No intestinal Isolates

of aerogenes were Inoluded in this work)e

Respiratory Tract Infections (pp 63 - 9fr)

Eisenberg and others (195&) noted the presenoe
of klebslella organisms iIn respiratory secretions iIn the
absenoe of disease. This present study shows that

klebsiellae appear to be of no significance iIn the upper

respiratory traot, with a similar incidence in both normal

and iInfeoted throats.

Bloomfield (1921) found a incidence of
klebsiella isolation from the upper respiratory tract of

85 unseleoted hospital patients, and Hyde (19*0) had only

218
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a Y& i1solation rate of £5. aerogones from the normal upper
respiratory tract* A much higher i1noldenoe was found In
Jamaica = 11*5# from normal throats and 13*5" from infected
throats of hospitalised patients* Furthermore, there appears
to be no particular biotype or serotype related to throat
infection, and a wide variety of each was found in this

seriese

No previous reports could be found relating to the
significance of klebslella iIn tracheostomes* Klebsiella,
whille frequently colonising traoheotomy sites in this tons*
pital (60£ of oases), was related to infection in four out
of six oases, but two of these were complicated by a mixed
flora with Pseudomonas pyocyanaa* Nevertheless, attempts
should be made to eradicate the organism from the traoheo-
tomy site because of the potential danger of descending
infection to the lower respiratory traot in patients who

are usually severely ill*

In contrast to the findings iIn the upper respiratory
tract, isolation of aerogenes in the sputum iIs a sig-
nificant finding* There is no particular serotype associated
with lower respiratory tract infootlon in Jamaica* Types 1
and 2, which are frequently regarded as respiratory patho-
gens, were isolated from asymptomatic patients, and the
higher serotypes appear to be almost as common as the lower

serotypes 1In respiratory tract infeotlons*

The thin walled abscess formation usually associated
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with Friedlanderls pneumonia has been described by many
authors Inoluding Sisson and Thompson (1915)» Berglund
(1925), Belk (1926) and Westermark (1926). A variety of*
respiratory syndromes wore associated with aerogenes
in Jamaica. This series shows an association with acute
bronchitis - 13 oases, bronchopneumonia - nine oases, or
lobar pneumonia - 13 oases. Only three out of 58 oases
progressed to lung abscess formation, and none of these
was fatal. The isolation of aerogenes serotypes 2, 10
and 31 i1n pure culture from oases of lung abscess iIndicated
that Friedlandervs pneumonia is not restricted to types 1
and 2 as is commonly supposed, and does not confirm the
findings of Veiss et al (1936) that destructive lung

disease was commoner with lower type infections.

The diversity of the respiratory signs found in
Jamaioa correspond to the descriptions by Colins and Korn-
blum (1929), Foster and Bragg (1962) and Steinhauser et al
(1966). As would be expected, there was frequently a pre-
disposing oftuae for respiratory Infeotion, such as bronchi-
ectasis, chronic bronchitis and emphysema, and oaroinoma
of the lung. Nevertheless, in eight of the oases of lobar
pneumonia and all of the cases of lung absoess, infection
occurred in previously healthy patients, not on antibiotics,
indicating that aerogenes must be regarded In some situ-
ations as a primary invader. Three additional cases of
lobar pneumonia were secondary to other respiratory
Infeotlons after antibiotic therapy had suppressed the

primary invader.
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Alcott (1933) showed that males above 40 years of
age were the group most susceptible to Friedlanderils
pneumonia* Eighty—eight percent of the series described
by Hyde (1943) were over 40 years with a male/female ratio
of* 511* The predominance of klebsiella respiratory in-
fections i1n older age groups was confirmed by Solomon (1940)
and Pearlman and Bullowa (1941)* In this survey the male/
female ratio was 26tl2, with 50 of the oases occurring in
patients over 40 years of age, However, in Jamaica in one
year, eight cases of lower respiratory infection oocurred
in the under 20 age group (about 20" of all klebBlella

respiratory infections)*

Commensal klebsiella carriage in the lower respiratory
tract was a feature of the over 40 age group, / 3 (157/20) of
lower respiratory carriers without clinical or radiological
evidence of infection being iIn this age group* No oases of
commensal carriage oocurred in the lower respiratory tracts
of persons under 20 years, but the incidence of structural
respiratory abnormalities was, of course, muoh lower in the
younger age groups* Types 1, 2 and 3» as well as higher
serotypes, were shown to be oomaensal and both higher and
lower serotypes can be associated with infection* Further-
more, not all patients with klebslella respiratory infection
showed the expeoted leucocytosis (13/38 cases, or 3/1>)9

although fever was more often present (21/38 cases or 55%t
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Urinary Tract Infections (pp 94 - 101)

Urinary tracé%?ﬁ%%btions aoquired in hospital, as
described in Denmark by jzfrskov (1954b) were not seen in
Jamaica, and 42/79 isolates of aerogenes from urines,
which could be serotyped, belonged to 16 different sero-
types, fTurther oonfinning that oross infection was not very
important in this situation* The wide variety of serotypes
encountered iIn urinary tract infections in Jamaioa oonfirms
the observations of Steinhauser, Eiohoff et al (1966), who
described many serotypes from this source* Apart from the
absenceoof oross infection, studies of Kj. aerogenes in the
urinary traot in Jamaica show little difference from
studies elsewhere* Klebsiella is second only to Escherichia
colt as a urinary traot pathogen, confirming the studies of
Hill et al (19X¥9) ax* Coleman and Taylor (1949)* Klebsiella
urinary iInfection ocours predominantly in older age groups,
and in relation to urethral stricture, as previously shown
by Coleman and Taylor (1949)* Other predisposing factors
to urinary tract infection, such as calculus formation and
oatheterisation were found just as frequently in an coli

age and sex matched oontrol group*

Again, a peripheral leucocytosis was the exception
rather than the rule, and occurred in only five out of 74
patients with klebsiella urinary tract infection* Less than
half the patients were febrile on the day of submitting a

positive urine culture for aerogenes *
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Female Genital Traot Infections (pp 101 - 10*0

Baehr et al (1937) reported a 3*5” incidence of

klebslella In the genital tract. In normal healthycontrols
In Jamaica an incidence of was found, oomparedto 12$%$ in
cases of vaginal discharge. An association with Trichomonas

vaginalis infection was seen in the group presenting with
vaginal discharge, confirming the observations of Gordon,
Hughes and Barr (1966), who noted an increase in entero-
baoteriacae in their TN vaginalis infections. Xn the female
genital traot K. aerogenes was most frequently encountered
in the puerperium but was not more frequently associated
with an offensive than with a normal lochia, Xt seems un-
likely that K. aerogenes alone could act as a primary patho-
gen in a normal female genital tract. The higher serotypes
(41-72) predominate in the female genital traot, since 18/24

isolates were not types 1-40, but were capsulate.

Abscesses and Wound Infections (pp 107 - 113)

Tho literature on klebsiella associated with abscess
formation is sparse, but the two oases in the Jamaican series
corning to autopsy, and showing multiple pyaemio abscesses are
comparable to the clinical syndrom described by Tennenbaum
and Ravid (1936) and by Pfeiffer (1937). Since neither of
these published reports gave details of the serotypes involved,
the serotype results in the present survey demonstrate spread

of infection by the same serotype.

This series Includes seven cases of abscess formation

when pure cultures of klebsiella were isolated. One case of
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prostatic abscess who ultimately came to autopsy with
klebsiella meningitis, shows a very similar pathology
to the case described by Tennenbauro and Ravid (1936)

and by Pfeiffer (1937).

A case of type 7 liver abscess who came to

autopsy is included in the Appendix*

Quick and Brogan (1967”) showed that more than
half of their post-operative wound infections were due
to gram negative rods with B* coli as the predominant
pathogen, but with many strains involved* Xn the
Jamaican series the gram negative rods occurred in
1**5/428 (32%) wound infections and collectively were
more commonly isolated than Staph, pyogenes (118/428
cases, or 17%)* Thirty-seven oases of klebsiella iso-
lation from wounds occurred in this series, and 34 cases
were associated with signs of local infection (p 113).

A wide variety of serotypes were involved*

K. aerogenes appeared to be the primary pathogen
in two cases of neonatal sticky eye but again different
serotypes were involved and the lesions healed spontaneouslye
aerogenes is probably of little significance when isolated
from the umbilical stump, as it was only isolated in pure
culture in four out of eight cases, and cleared spon-

taneously*
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Association with diabetes mellitus (page 1**6)

Tills is the first large scale survey to demonstrate
thatf unlike staphylococcal infections, diabetes mellitus
is not a predisposing factor to K. aerogenes infection;
the incidence of diabetes in the klebsiella group being the

same as for the hospital as a whole.

liiabaiella Septicaemia (pp 106 - 107)

Klebsiella septicaemia was invariably restricted
to the over *0 age group, with deaths in two out of five
cases. Ten percent of all oases of septicaemia iIin the
University Hospital were due to IC™ aerogenes. in comparison
to zQfip in the series by McCabe and Jackson (1962a) and 3056
due to 16 different serotypes in the series by Maiasetegui
et al (1965)« The five oases of klebsiella septicaemia
were caused by different sorotypes, so no relation between

serotype and virulence could be demonstrated,

Klebsiella in Cerebrospinal Fluid

The inoidenoe of klebslella menigltis in this series
was less than 25 (page 10**). There is no doubt as to the
grave significance of any repeatedly pure culture of
klebsiella from cerebrospinal fluid - a type 7 klebsiella
meningitis oame to autopsy and was isolated from various
other sites in the body (Case R,J, - Appendix photographs)
and (Results, Part X, page 162, Case 9)* The low inoidenoe
of klebsiella meningitis is comparable to the 0.017b incidence
reported by Neal (1931)* 0.1kfi by Fothergill and Sweet (1933)

and 0,02~ by Jacob and Topp (19*8), The case reported in



the Jamaica series is similar to that reported by Ramsmeier
(1973) except that Iin the Jamaican case the primary lesion

was a klebslella prostatic abscess*

Biotype and Serotype Combinations (Table in Appendix, 2, 3,
** 6, 8, 10, 12, 14, 16, 17, 20 and 23).

Xn order to estimate the extent to which different
blotype and serotype combinations occurred in clinical

material, eaoh new strain isolated was given a number, since
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within eaoh serotype, several different biochemical reactions

were encountered, indicating different strainse

Thirty different serotype and biotype combinations

were encountered in 53 specimens from throat swabs and

tracheostomes and this did not include six additional strains

which could not be serologioally identified* Twenty additional

serotype and blotype combinations were encountered in sputum*

An additional 22 serotype and biotype combinations were found

in the urine specimens, and a further eight in wound and skin

Infectionsi and a further one in the genital tract and ascitic

fluid~*

Of the 290 cultures studied, 196 were serotypes 1-7~*0

and were biochemically classified. Within these 196 oultures

no less than J3 different biotype and serotype combinations
xvere found* Strains present in the respiratory tract were
frequently encountered at other sites, such as urine and

wound infections, and vice versa* If the 9 strains which

were not serotypes 1 - ko oould have been typed, an even

“ovo, - -V - : \
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greater heterogeneity would have been seen, because many

different biotypes were seen among this group.

Furthermore, 21 different serotypes caused hospital
acquired infections (Table 26), and within these serotypes
many different biotypes were found, so that there could
not be said to be any particular ’'hospital* strain, although
types 2, 3, 9, 11, 29 and 35 were encountered as hospital
acquired infections rather more frequently than other sero-
types, Hospital acquired infections occurring in any one
particular ward showed a great variety in serotype and
biotype, and cross infection did not appear to be an im-

portant characteristic of IC" aerogenes in hospital,

Effeot of Antibiotics (pp 139 - 1**6)

Eighty-nine out of 278 patients were on antibiotics
at the time of first isolation of klebsiella, and this was
not a significantly higher proportion than a carefully
matched control group of hospital patients showing no evi-
dence of klebsiella infection. When the duration and type
of antibiotics given were analysed, it was seen that there
was ad predisposition to develop klebsiella Infection after
seven or more days on multiple chemotherapy. Chloramphenicol
had been prescribed significantly more often Iin patients
showing klebsiella infection than in the controls but the

incidence of prescribing the other antibiotics was similar,

Wilson and Miles (196**) state that serotypes 1 -6



occur more frequently in the respiratory tract, and it
was found that 26/4*1 (59%) of strains of serotypes 1 -6
came from the respiratory tract, while only 3®$ of all
cultures investigated came from this source* However,
as seen in Table 30 there was a scatter of serotypes from

all sources*

Klebsiella edwardsii edwardsii and Klebsiella
edwardsii atlanta strains described by Cowan and others
(iI960) were not encountered in Jamaica during this survey*
Serotypes 1 -6 show great biochemical heterogeneity (see
Wilson and Miles, 1964) and an attempt was made to see if
biochemical heterogeneity was a feature of respiratory
tract isolates) this was found not to be the case* Strains
of aerogenes isolated from urines were found to be more
biochemically heterogeneous than strains from all other
sources* Biochemical heterogeneity was not related to

pathogenicity in any way, nor were the strains that were

multiresistant to antibiotics any more pathogenic than less

resistant strains* Respiretory strains and non-respiratory
strains showed no significant difference in resistance

patterns to the ten antibiotics used in testing*

Multiple Klebsiella Infections (pp 146 - 164)

In a detailed study of multiple klebsiella infection

or isolation, in a group of patients it is shown that one
patient may carry a variety of serotypes and biotypes at

any one time, and that during the period of hospital stay,

these may alter* Xn these cases, determination of serotype
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and biotype can be of* great importance in tracing the
course of an infection in the patient, and without which
there would be considerable oonfusion. This, and the
study of cross infections are perhaps the two justifi-

cations for serotyping isolates of klebsiella.

Comparison with Other Pathogens

The role of IC" aerogenes as °,n infecting organism
must be compared with other bacterial species. Although
K, aerogenes is frequently Isolated from hospital patients
its pattern, of infectivity can bear no comparison to the
streptococcal epidemics which were common in hospitals in
the 19th century and caused wound infection in World War I,
However, improved aseptic techniques and introduction of
antibiotic therapy have not resulted in a decline of in-
fection, as has been the case with streptococcus. Further-
more, virulent streptocooci in general belong to Lancefield
Group A, and much less commonly to Group C, but type identi-
fication does not usefully serve to distinguish strains
with different clinical propensities (Williams et al, 1966),
This, and tha fact that potentially virulent streptococci
may be carried in normal throats are about the only common

denominators in comparing the two groups of organisms,

Virulence can be correlated with coagulase production
in the staphylococcus, and various phage types have been
associated with various diseases. Unlike staphylococci,

hospital epidemios due to a particular strain of klebsiella
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do not occur aa a rule in Jamaica” although Orskov (1957c)
has demonstrated cross infection in Danish hospitals.

Nasal and skin carriage are important factors in spread

of staphylococcal infection in hospitals but work currently
underway in Jamaica shows that nasal and skin carriage of
K. aerogenes is extremely rare. Lowbury and Fox (1953)
have shown that the gram negative bacilli survive for a
much shorter time in the atmosphere than do the staphylo-
cocci and streptococci, so this may be a reason why hospital
epidemics due to gram negative baoteria are not so common.
The Public Health Laboratory survey in 1960 showed that
coliforms commonly affected wounds after six days stay in
hospital, and oould produoe septicaemia in debilitated
patients, Williams and others (1966) have pointed out

the great gap in our understanding of the epidemiology of
the gram negative infections and our ignorance of the
changes, if any, that occur in the carriage of these

organisms in patients after admission to hospital.

Like other gram negative organisms, klebsiella
has been shown in this survey to be important in surgical
Cusrttifds, burns and in ineery infections. Unlike Pseudomonas
pyooyanea it has hot been shown to cause serious eye
Infection, although it is probably a commoner cause of
respiratory traot infection in hospitalised patients than

any other gram negative bacillus.

Klebsiella species shares with the other gram



negative bacilli the ability to produce bacteraemio shock
due to action of the lipopolysacoharide endotoxin, and
Well et al (196*0 have noted this complication in 24%$ of

cases of gram negative bacteraemia.

In the Lancefield Group A streptococci, protein
antigens are most important in characterising the type
specificity. Xn contrast, the klebsiella and pneumo-
oocoal oapsular antigenic types are determined by vari-
ations in the composition of the oapsular polysaccharide.
Indeed, cross reactions occur between type 2 pneumococcus
and type 2 aerogenes. presumably due to common sugars
in the oapsular polysaccharide of each. Klebslella and
pneumococcal organisms share other features in common.
Both can produoe imrnunological paralysis in mice. Both
have well defined capsular polysaccharide antigens, and
Austrian and Gold (1964) have shown that the biology of
infections caused by the several pneumococcal types varies

due to differences in Invasivenesse

The absence of leucocytosis in many of the cases
of klebsiella Infection described in this survey, and the
low grade Inflammatory response seen locally around the

lesions of at least one case doming to autopsy (Talerman,
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Finnie and Wontumi, 1968) is very similar to the resistance

of pneumococcus type 3 to surface phagocytosis described by

Wood and Smith in two papers (1979 and 1950). Indeed, the

antiphagocytic a.c*ti9n of the capsule in the two organisms



232

is very similar* Thereforet the host response to infection,
with klebsiella species and to pneuroocoocus type 3 organisms
appear to be very similar* However, this study does not
show any particular association with serotype and virulence,
unlike the enhanced virulence of* type 3 pneumococcus due to
antiphagocytic action* Austrian and Gold (1964) have re-
introduced the typing off infective strains of pneumococoi
and found that pneumonia caused by type 1 pneumooocous had
a case fatality rate of 6%* compared to 48% for infections

caused by type 3*

A recent study from Edinburgh by Calder, McHardy
and Sohonell (1970) reported on 137 cases of pneumococcal
pneumonia* Type 3 occurred in 36%$ and type 8 in 15% of
cases* 15% had bacteraemia and the mortality rate in this
group was 25%. The wide distribution of pneumococcal sero-
types in the Edinburgh series compares to the heterogeneity
of serotypes encountered in the Jamaican klebsiella series*
Unlike type 3 pneumococcus, no particular serotype of
aerogenes can be said to have been found to be especially
virulent in the respiratory tract - lobar pneumonia and
lung abscess being caused by a variety of serotypes* This
does not confirm the work of Julianelle (1941) who showed
a high mortality in type 1 infections. Cowan et al (i960)
have postulated the highly virulent nature of K. edwardsii
edwardsii and Kj, edwardsii atlanta (serotypes 1 and 2) and

this has been confirmed by Foster and Bragg (1962) and
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Darrell and Hurdle (1964), These biotypes were not en-
countered in Jamaica, and K* aerogenes serotypes 1 and
2 (Table 8, page 85) appear to be capable of occurring

commons .ally in sputum?*

The two fatal cases were both due to aerogenes
serotype 7» hut this may be fortuitous, and further studies
on case fatality rates in infections due to different sero-
types are necessary. Death oocurred in two out of five oases
of positive klebsiella blood culture, but since not all
cases of klebsiella infection had specimens submitted for
blood culture, the incidence of septicaemia in this group
of 2U8 patients may have been higher, and comparison cannot
be made with the case fatality rates of pneumococcal septi-

caemia from Edinburgh,

The second part of this study deals with a com-
parison of humoral antibody responses to klebsiella in
rabbits and mice, Xnduotion of an ascitic response in
mice was demonstrated by Munoz (1957) using protein anti-
gen, Herrmann and Engle (1958) and Kasel et al (1959)
using viruses. The only attempt to produce antibodies
to bacteria by this method was by Lieberman et al (1959)
using Staphylococcus aureus but Cohen et al (1963) showed
naturally occurring staphyloooccal antibodies in germ free
mice. No such naturally occurring klebsiella antibodies
were demonstrated in this series, although an extensive
screening was done within the limitations of the Quellung

reaction. The use of Sarcoma 180 TG to produce an ascitic
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response as described by Sartorelli et al (1966) has
previously been oon.fi.ttued to arboviruses, proteins, and
sheep erythrocytes* This study shows that this technique
can also be applied to produce antibodies to the capsular
polysaccharides* Sartorelli et al (1966) have already
demonstrated that quantitative precipitin curves of mouse
antibody to human serum albumin is very similar to rabbit
antibody, and although quantitative precipitation curves
were not done here the titres obtained by Quellung reaction

were similar in the two animals*

The volumes of ascitic fluid obtained in this
survey (average 9.6 ml) are comparable to the results

obtained by Munoz (1957)» suid Lieberman et al (1959)*

This study shows that the oapsular polysaccharide
substance of the klebsiella species produces a different
antigenic response in two species of laboratory animals*
It can be assumed that these differences are genetically
engendered* A possible explanation for the differences
in cross reactions in the rabbit and mouse is that tha
capsular surface of the klebsiella organism possesses
large numbers of antigenic determinants, and the mouse
has the ability to recognise more of these than the rabbit,

and so produces a less specific antisera.

It is noted that the mouse will select different
antigenic determinants from tho rabbit, and that both species
will react to high concentrations of the homologous type,

but in different degrees*
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Cross reactions can be removed by adsorption
without a Tall of more than one or two dilutions In the
homologous titre, In most cases* Therefore, It may be
postulated that true oross reaotions are not really
occurring, but that there Is a lack of antigenic specificity

in the different serotypes.

It is apparent from both sections of this study,
that further work is needed on the epidemiology of the
gram negative organisms* Present work underway in Jamaica
is concerned with the role of faecal and throat carriage
of klebsiella in auto infection and oross infection in the
hospital environment, and faecal carriage of the infecting
serotype and biotype seems to be an important factor (Finnie,

MRC Grant 1826, Iin progress)*

The chemical structure and nature of the antigenic
determinants of the klebsiella serotypes have to be more
clearly elucidated, and the way (if any) by which these
are modified by adjuvants* Paired experiments with rabbits,
immunised with and without adjuvants and a comparison of
cross reaotions obtained in the two groups might be useful,
exoept that oross reactions can vary within the same species

as noted by Henriksen (195**a, b, c, d).

Any work on the gram negative organisms, which are
assuming increasing importance in the hospital environment,

1b inevitably complicated by the large numbers of serotypes
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and biotypes existing: not only in klebsiella species, but
also in the escherichia and pseudomonas groups. Henriksen*s
proposal (1957©) that the klebsiella group should be de-
fined biochemically and Kauffmann*s (1979) characterisation
of the Mtebsiella serotypes by antigenic formulae alone
cannot be fully accepted in any survey of an epidemiological
nature, since the number of biotypes within each serotype

has been shown to be large.

The above work shows that it is not possible to be
dogmatic about the significance of isolation of any parti-
cular serotype of klebsiella from any source, except that
this organism is unlikely to have any significance when
isolated from throat swabs or from high vaginal swabs, and
is probably not an important pathogen in the umbilical
stump. It has been demonstrated that previous assumptions
made on the association of pathogenicity with sertain sero-
types cannot be upheld. Antibiotic prescription in a
klebsiella group was very similar to a matched hospital
oontrol group, except after seven or more days chemotherapy

when a significant increase in klebsiella isolation occurred.

The animal studies show that an alternative but
less specific means of preparing klebsiella antisera in
mice is available, but our knowledge of the immunogenicity
of the different klebsiella polysaccharides requires further

investigation.
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It would seem relevant to conclude with the
words of neither a Bacteriologist nor an Immunologist,
but to seek wisdom from the Law and be reminded that
"The logical method and form flatter that longing for
certainty and repose which is in every human mind.
But certainty is an illusion, and repose is not the

destiny of mankte

(O.W. Holmes - Collected Legal Papers)
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Table 1 - Appendix

BIOTYPES AND SEROTYPES OF KLEBSIELLA

STRAIN NO.
1

X W DN

© 00 N O O

SOURCE
Infected
Infected
Infected
Infected
Infected
Infected
Infeoted
Infected
Infected
Infected

throat
threat
throat
throat
throat
throat
throat
throat
throat
throat

Normal throat

Normal throat

Normal throat

Normal throat

Normal throat

Infected
Infected

throat
throat

Normal throat

Infected
Infected

throat
throat

Normal throat

SEROTYPE

E ﬁ E © © 0 X W W W W W W N N N NN R R p

ISOLATED FROM THROAT SUABS

BIOTYPE

Tvi)leal K. aerogenes on
1k teste (duloitol +)

TypicaX (duloitol o)
Typical (dulcitol +)
MR + Indole
Typical (dulcitol -)
Malonate negative
Typical (duloitol -)
Typical (dulcitol -)
Typical (dulcitol -)
Indole +

Typical (dulcitol +)
Typical (dulcitol +)
Typical (duloitol )
Typical (duloitol +)
Typical (duloitol -)
Typical (dulcitol -)
Typical (duloitol -)
MR V-P -, gluconate -
Typical (duloitol +)
Typical (duloitol -)
Typical (dulcitol )

Cont’d /



Table 1 (Confd.)

BIOTYPES AND SEROTYPES OF KLEBSIELLA

STRAIN NO.

22
23
2k
25
26
27
28
29
30
31
32
33
3*

35
36

37
38
39
ko
ki
h*

SOURCE
Normal éhroat
Normal throat
Infeoted throat
Normal throat
Infected throat
Infected throat
Normal throat
Infeotod throat
Infected throat
Infected throat
Normal throat
Normal throat
Normal throat
Normal throat

Normal throat

Infected throat
Infected throat
Infeoted throat
Infected throat
Normal throat

Infected throat

- Appendix

SEROTYPE

1
12
13
15
15
16
23
2k
29
29
29
29
35
35
35

35
35
35
35

ISOLATED FROM THROAT SWABS

BIOTYPE
Typioal (duloitol +)
Malonate negative
Typioal (duloitol -)

Typical (duloitol +)

Acid and gas not produced
from staroh or glycerol

Typical (dulcitol )
Typioal (dulcitol -)
Typioal (duloitol -)
Typical (duloitol -)

Typioal (duloitol -)

Aoid and gas not produced
from adonltol and glyoerol

Typical (dulcitol -)

Typical (dulcitol -],

Acid and gas not produced
from starch and glycerol
Add and gas not produced
f2rom adonltol, starch and
glycerol

Aord and gas not produced
from starch and glycerol

Malonate negative
Typioal (dulcitol -)
Typical (dulcitol -)

Not 1-40 Typioal (duloitol -)

Net 1-40 MR +, Indole +

Contld /



Table 1 (Conttd) - Appendix

BIOTYPES AND SEROTYPES OF KLEBSIELLA ISOLATED FROM THROAT SWABS

STRAIN NO. SOURCE SEROTYPE BIOTYPE
43 Infected throat Not 1-40 Typioal (dulcitol -)
44 Infected throat Not 1-40 Typical (dulcitol -)
_ Lysine decarboxylase not
45 Infected throat Not 1-40 produced

46 Normal throat Acapsulat e Urea negative



Table 2 - Appendix

ANALYSIS OF NUMBER OF DIFFERENT STRAINS (BIOTYPES AND SERO
TYPES) IN 46 ISOLATES OF KLEBSIELLA FROM THROAT SVABS

(KA indicates typical Klebslella Biochemistry)

NUMBER STRAIN
SEROTYPE OF REFERENCE BIOCHEMISTRY DESIG-
ISOLATES NUMBERS NATED
1 3 1,2»3 KA (duloitol +) T1
2 5 4 MR + Indole + T2
6 Malonate - T3
5,7,8 KA (dulcitol -) T4
3 5r 9,12 KA (dulcitol -) T5
10 Indole + T6
11,13 KA (dulcitol ) T7
4 2 14 KA (dulcitol +) T8
15 KA (dulcitol -) TO
8 1 16 KA (dulcitol -) T10
9 2 17 KA (duloitol -) T11
18 MR-mfV P -,gluconate - T12
11 4 19f21#22 KA (dulcitol +) T13
20 KA (dulcitol -) T14
12 1 23 Malonate neg. T15
13 1 24 KA (dulcitol -) T16
15 2 25 KA (duloitol 4-) T17
26 Acid and gaa not
produced from atarch
and glycerol T18
16 1 27 KA (duloitol 4) T19
23 1 28 KA (dulcitol -) T20
24 1 29 KA (dulcitol -) T21

Cont *d



Table 2 (Confd.) - Appendix

ANALYSIS OF NUMBER OF DIFFERENT STRAINS (BIOTYPES AND SEROM
types) IN 46 isolates of klebsiella from throat svabs

(KA indicate* typical Klebslella Biocheaftry)

NUMBER STRAIN STRAIN
SEROTYPE OF REFERENCE BIOCHEMISTRY IPESIG-
ISOLATES NUMBERS ligal
29 4 30,31,33 KA (dulcitol -) T22
32 Acid and gas not
produced fTrom starclX
and glycerol T23
33 7 34,39,40 KA _ (dulcitol -) T24
35,37 Acid and gaa not 125

produced from atare 1
and glycerol*

36 Acid and gaa not T26
produced from atare 1,
adonltol A glycerol

38 Malonate negative* T27
Not 1-40 5 41,42,43, At leaat three vNot
44,45 different biotypee, Sero-
and poaaibly more* logica:
fEI%fSI_
Acapsu- 1 46 Urea negative red-

late



Table 3 - Appendix

ISOLATE
NUMBER

U7z

us

U9

5°)

51)

52

53

SEROTYPES AND BIOTYPES OF KLEBSIELLA

ISOLATED FROM TRACHEOSTOMES

SOURCE

Infected
tracheotomy

Infected
tracheotomy

Infeoted
tracheotomy

Normal
tracheotomy

Normal
tracheotomy

Normal
tracheotomy

Infected
tracheotomy

SEROTYPE

2U

21

11

KA

S

S

BIOTYPE

(dulcitol

(dulcitol

(dulcitol

(dulcitol

(dulcitol

(dulcitol

(dulcitol

STRAIN
DESIGNATED

T21

T29

T5

T14

T30

T11

T10



Table - Appendix

BIOTYPES AND SEROTYPES

Serotype
1

2
3
y

13

16
22

29

35
not 10

Number of
Isolates

1

1
1
2

Isolate
Ref. No.

=
95
56
57
58
59
60 &
62

63
64

65
66

67
68

69
70

71,
73

61

72,

ISOLATED FROM"NORMAL"

Biotype

KA
MR
KA
KA

dulcitol
4, VP -

dulcitol
dulcitol

Indole ¢

KA
KA
KA
KA
KA
MR
KA
KA

MR

dulcitol
duloitol
dulcitol
dulcitol
dulcitol
¢, VP -

dulcitol
duloitol

¢, VP -

gluconate -

KA
KA

KA
KA

dulcitol
dulcitol

dulcitol
dulcitol

SPUTUM

Strain
Designated

T1
SI
T7
82
S3
S*4
T11
T13

S5
T16

S6
S7

S8

S9

T22
T

not
classified



Table 5 - Appendix

)

CLINICAL DIAGNOSIS OF 20 CASE

Series
Number

LRI R B8BY & H

28 &

oo

w Wefluey v *2 9t~

NI

S FROM WHICH COMMENSAL

KLEBSIELLA I™"AS ISOLATED FROM SPUTUM

Di . Sero-
iagnosis type
L*V e failure* Aortic and 1
mitral incompetence*
Cardiomyopathye 2

Tricuspid incompetence*

w

Cor pulmonale*
Emphysema*

Obstructive Jaundioe*
C*C*F~* Diabetes mellituii_

Cor pulmonale*
Bronohieotasise

Carcinoma of lung*

Nephrotic syndrome
Diabetes.

Asthma* x

Infectious hepatitis*

BB E ©o o~~~

Sequestration of lung*
Post-thoracotomy sputum
grew Klebslella < no sigi:|8
of infection?*

Diabetes* D*V* throm- 16
bosis and cellulitis*

Asthma.

B N

Pulmonary embolism*
Pulmonary hypertension*

Carcinoma oesophagus. E
Post-operative Klebsielli&
isolation*

Hospital Acquired
Infection

No

Doubtful

No

No
Yes

Yes

No

Yes

No
No

Yes

No

No

Yes

Yes

Continued*eeecees/



Table 5 * Appendix (Continued)

CLINICAL

Series
Number

69

70

71

12

73

KLEBSIELLA WAS

DIAGNOSIS OF 20 CASES

Diagnosis

Myeloid leukaemia.

Congestive cardiac
Tfailuree

Congestive cardiac
failure-

Diabetes mellltus.
Peripheral neuropathy.

Cervical spondylosis.

ISOLATED

FROM WHICH COMMENSAL

FROM SPUTUM

Sero- Hospital Acquired

type Infection
29 Tes
35 Yes
not No
1-40
not No
1-40
not No

i-40



Table 6 - Appendix

BIOTYPES AND SEROTYPES OF 38 ISOLATES FROM SPUTUM

IN ASSOCIATION WITH RESPIRATORY INFECTION

Total No. of Reference Biot e Strain
Isolates Number ,, yp Deslfiiiated
74 KA dulcitol o S10
75,76.77*78 «KA duloitol - T4
79 KA duloitol + S11
8 80 KA duloitol - T10
81 MR+y indole + S12
82,84 ,86. KA dulcitol - T11
83 MR+, VP- S13
85,87. KA dulcitol + s4
88 KA duloitol - S14
11 89 KA dulcitol - T4
90 KA dulcitol + T13
15 91 KA dulcitol - S15
92 KA dulcitol + T17
16 93,94. KA dulcitol + T19
o5 VP-, no ag. adoni- S16
tol or glyoerol.
96 KA dulcitol + S17
97 Gelatin « 518
98 No ag. adonltol 519
or glycerol.
99 No ag. adonltol S20
or glycerol
12 102,103,104 . Not
106, 108. KA dulcitol - classi-
100,105,107 fied.
’ ? KA dulcitol e At least
111 . oo
101 MR., VP- different
109,110 No ag. starch or strains

glycerol.



Table 7 — Appendix

VBC AND 8100 AM TEMPERATURE XN CASES OF PULMONARY

INFECTION

Isolate VBC

Diagnosis Number Temperature
Acute bronchitis 74 4.8 ioi °f
75 98°F
76 6.6 98°r
81 7.6 98°r
91 6.4 99°r
93 7.2 100°F
Y| -
95 5.3 99°F
100 16/0 102°F
101 19.6 100°F
%> - 102 6.2 100°F
. m m* e 103 3.5 99°r
104 6.4 09°»
Bronchopneumonia 77 7.8 102°F
79 3.2 98°F
82 14.9 102°F
89 10.1 98 °F
92 - 103°F
96 - 103°F
105 7.4 98°F
106 14.5 102°F
107 - 99°F
Lobar pneumonia 80 5.5 103°F
83 19.5 100°F
84 14.6 101°F
85 9.9 98°F
86 8.7 99°F

Continued



Table 7 - Appendix (Continued)

WBC AND 8100 AM TEMPERATURE

INFECTION
Diagnosis lsolate
Number
Lobar pneumonia 87
(Continued) 90
98
99
108
109
110
N —ee® 111
Lobar pneumonia 78
and lung abscess 88
97

XN

WBC

15.7
17.0
11.5
11.3
19.7

k.2
12.0
10.0

20.7
7.6

5.7

CASES OF PULMONARY

Temperature

102°F
103°F
103°F
101°F
101°F
99°F
102°F
101°F
102°F
98°F
98 °F



Table 8 - Appendix

BIOTYPES AND

Sero- No, of
type _ Isolates
2 2
3 1
7 3
8 1

10 6
14 2
15 9

SEROTYPES

AEROGENES FROM URINE

Strain

Ref.NoO.
112
113

114

115
116

117

118

119
120

121

122

123
124

125
126

127

128
129

130

131
132

133
135

FOUND IN 79

Blotype

KA duloitol
MR* VP-

KA duloitol

KA dulcitol
KA duloitol
(MR* VP-
.gluconate -
malonate -

KA duloitol

KA duloitol
(MR* VP-
(indole * o
MR* VP-

(MR* VP*
(adonltol -

KA dulcitol
KA dulcitol
KA dulcitol
KA duloitol
KA duloitol

KA dulcitol
(MR* VP-
(gluconate -

[IMR* VP-
glucd-nate -
iadonltol -
KA dulcitol
KA dulcitol
KA duloitol
(MR* VP-
(gluctnate -

ISOLATES OF

Strain

KLEBSIELLA

Hospital

Designated Acquired

T4
S

T7

Ul
ul
uz2

T10

s4
S12

813

u3

ud
S14
S14
Si4
u4d

us
U6

u7

T17
m s

S15
us

Yea
Yes

Yes

No
No
Yes

No

No
Yes

N o

No

No

No

Yes

No
Unknown

Yea
No

No

No
No
No
Yes

Continued. . ... /
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Tabic 8 - Appendix (Continued)

BIOTYPES AND SEROTYPES FOUND IN 79 ISOLATES OF KLEBSIELLA

AEROGENES FROM URINE

Sero- No< of Strain Biotype Strain Hospital
type Isolates Ref.No. Designated Acquired
15 135 KA dulcitol - S15 Yes
(Cont.) 136 (indole + uo No
(gelatin +
137 KA duloitol 4 T17 No
138 (MR* VP- ulo Yes

(gluoonate -

16 1 139 malonate - ull No
17 2 1*40 KA dulcitol - uiz No
1*41 adonitol - uis No
19 3 1k2 malonate - ul4 No
1*43 KA dulcitol - uis Yes
144 lysine - uleé6 No
20 1 1*45 KA duloitol - uiz No
23 2 1*46 KA duloitol + ulis No
147 MR* VP - ui19 No
24 1 148 KA dulcitol 4 u20 Yes
26 3 149 KA dulcitol - u21 No
150 KA duloitol + uz2 No
151 KA dulcitol 4 U23L Yes
29 2 152 KA duloitol - T22 Yes
153 KA dulcitol 4 S8 No
not 37 155.156) ;
Not classi-
172.173) KA dulcitol 4 At least No
180,184) 12
187. ) different
biot es,
157,161) unkﬁ%an
165,168) KA dulcitol 4 Yes

number of

186. serotypes

Continued.eeee/



Table 8 * Appendix (Continued)
BIOTYPES AND SEROTYPES FOUND IN 79 ISOLATES OF KLEBSIELLA

AEROQENBS FROM URINE

Sero- Noe of '"Strain Strain Hospital

type lIsolates Ref*No- Sl1otype Designated Acquired
not 37 1571 166" i i
1-340 183,188 KA dulcitol - Not clasiil’™o
(conte) m . / fled.
158,175 - _ At least
2557 7°) KA dulcitol 12 diffei
182 (gluconate - ent Yes
(malonate - BAEﬁgﬁﬁs’
176,185 MR* VP- number oi- NO
16k MR+ VP- No
lysine - serotypeals
190 MR+VP- malonal ;e- No
162 adonitol - No
%starch -
167 adonitol - Yes
17~ adonitol - No
178 Indole + Yes
163 indole + Yes
171 (starch - Unknown
(glycerol -
177 glucdnate - No

181 urea - < No
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Table 9 * Appendix
TEMPERATURE RANGE OF 30 FEBRILE PATIENTS VITH URINARY
TRACT INFECTION

SI00 am oral

temperaturee No. of caeee Isolates Number
99 - 99.9°r 1 130
100 - 100.9°T 15 114,115,117 ,128,150,

152,153,155, 158,176
1787,1827186,190,160.

on 0190 g s

102 - 102.9°F 4 126,143,219,298.
103°F or more 2 144,138.

Table 10 - Appendix
BIOTYPES AND SEROTYPES FOUND XN 24 I1SOLATES OF K. AEROGENES
FROM THE FEMALE GENITAL TRACT

Sero- Noe of Strain Strain Hospita]

typ.- Isolates Ref.No. Blotype Designated Acquiree
3 .% 191 KA duloitol + T7 No
’ 4191 KA duloitol + T7 No
7 | I 193 KA dulcitol e 82 No
9. i 19 KA duloitol + s4 Unknown
15 1 3 KA dulcitol + T17 No
17 1 18 adonitol - 01 No
starch -
t 18 107r201, S1Yeerol -
no r201, -
1-4-0 o03. KA dulcitol 0 Cpasii- No
202,204) fled- on1y 204
20£,206) KA duloitol - At least and 205
209-214) 3 bio- hosp. ac
207 glycerol - types <

208 glycerol -
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Tabl»ffi2 - ApppmrHji*+ W SR = F'-F1

BIOTYPES AND SEROTYPES FOUND IK-ffafB ISOLATES Or KLEBSIELLA

FROM THE CENTRAL NERVOUS SYSTEM AND FROM EYE-~jAND EAR SttABS

Source of Sero- Isolate” - Strain  Hospital

Klebeiella m type RefeNo. OClotype D<ksignated Acquired

Cerebro 7 215 KA duloitol - Ul No

spinal ™

fluid

Eye swab 7 216 KA dulcitol ¢ VvS2 4 Yea
not . - not

Eye swab 1-40 1217 KA duloitol t classified Y€S

Ear swab 9 218 KA duloitol - T11 ~No
-not , -

Ear Swab >1-40 219 KA dulcitol No

Table 13- Appendix
Jea™ESTnrMrrTrrnrYTNITFF associated with klebsiella isolated

FROM THE CENTRAL NERVOUS SYSTEM AND FROM EYE AND EAR SVABS

8%$00 am oral Number a# Isolate

temperature Cases Number Source
98 - 99°r 3. 216 " Sticky eye.
217 v Stioky eye.
218 Normal ear.
99 - 99-9°F 219 Mild otitis media.

100 - 100.9°F i 215 Klebsiella menin-



Table 14 - Appendix

KLEBSIELLA FROM B”OOD CULTURES

Isolate Number Sero-u Biotype  ~ Strain Hospital
and Dragnosis type asslfied; Acquired
220 Vm x £ 7 KA dUICitOI - Ul NO
Prostatlc abscess.
221 2 KA dulcitol - T4 No
Acute glomerulo- :
nephritis.
222w 17 KA dulcitol - Bl No

Diabetes. Para- =
lytis lleus#

223 9 MR+ Indole -+ B2 No
Obstructive j&undicO«
Respiratory infect! on.
224 not citrate - not { No
t-40 clossified
, . 225 & 3 MR+ = Ai. B3 Yes

224 and 225 from
same patient.
Subphrenic abscesse



Table 15- Appendix

VBC AND TEMPERATURE ON THE DAY OF TAKING EACH POSITIVE

* \

Isolate Number

220

221

222

223

224 )same =
225 Jpatient

Table 16 - Appendiy" \

SPECIMEN FOR BLOOD CULTURE

8300 &o Temperature

102°P
101°F
104 °F
100°F
101°F
103°F

VBC

26.2
14.0
21 9

19.5
17.0

not doi

SEROTYPES AND BIOTYPES OF KLEBSIELLA PROM ASCITIC FLUID

Sero- Number of

type Isolates
2 1

25 e1;

not 1-4G 1

Strain -
Ref.No- Blotype
226 KA duloitol
227 KA dulcitol
228 KA dulcitol

Strain  Hosp.
Designated Acqu.
T4 No
Al No
not No

classified



Table 17 - Appendix

CLASSIFICATION OF KLEBSIELLA I1SOLATES FROM THE UMBILICAL

STUMP
Sero- ftme vof Strain™ o, . Strain Ho.pisar
type”™ Isolates Ref.No. yp mDesignated Acquired
11 229 t KA dulcitol” T13 \ Tes
230 ;WA dulcitol ¢; Yes
16 ; -j23I1f KA duloitol vi =\ Yes
17 t1o i 232 adonitol - Gl Ye#
starch =t
glycerol - ;
19 1 233 KA duloitol « ui/» VYes
23x29 tt'v 23/1 KA dulcitol - ¥2 Yes ./-
not 1- '40-~2 . 235 ~adonitol -- $£ noth Yes

236 :; KA dulcitol classified Yes



Table 18 - Appendix

KLEBSIELLA ASSOCIATED-WITH FORMATIOMT.OF ABSCESS

Diagnosis Other Clinical ™
and mzAge * AFindings
lachioroctal = *Multiple perianal
abscest. ainusel.

Aged 56. -V " Epididymitise”"r

Scrotal abeoesii. Nonee

Aged 45~

Subphrenio Diabetea~
abac08s. Klebsiella septi-
Aged 49. * ,v caemia. L.
Webapace In- Uloer of index
faction Wlth finger. &

abscess. .

Aged 17.

Multiple liver Previously healthy
abaoeaaose childe

Aged 5.

Ischiorectal None

abscess.

Aged 37*

Ilsolate Sero*
Number type

1237 €X 1\

238 2

J239 3
240 3

241 7

;242 > not
1-40

Perinephric , Acute pyelonephr|t|a_243 not *

abaceaa *>«/V! Diabetes.
Aged 7B. w

1-40



Table 19 - Appendix \Y

DETAILS OF TEMPERATURE AND PERIPHERAL WHITE COUNTS

Y , in KLEBSIELLA ABSCESSES ™ &
Temperature range Number of Cases §WBC »
98 - 98.9°F 3 18.5
99 - 99.9*Vj.
100 - 100.9°F %m ' m 2'Ni-0 v 12.0
17.0

101 - 101.9°F
102 - 102.9°F or; . 16,2

] vf“ 1D .6fjr
i0o3°r

Table 20 - Appendix

CLASSIFICATION OFf KLEBSXELtA ISOLATED FROM ABSCESSES

Sero- nNo . oOfF Strain*; rStrain Hospita
type r Isolates Refuno. Blotype 2 Designated ”Acquire
1 238 KA duloitol - "mA:t4 No
2 239  MR* SVfe B3 No
20 > KA duIOItoIA4@i8L&>0A). T7K* ¥ VNo
7 r L 2hl KA duloitol "e.? s2 No
not 1-4012 2%2 J KA duloitol 4 |v not = ~ No 5

m243 KA duloitol + classified No
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Table JB .# Appendix

gUE TO KUEBSIjJLLA

] 1 %t " f.w'
W Temperature s Vi Number of Cases
Up to : 98.9°T> 1*
99 = § 99.9°T
if %00 - 100.9°r n 6
101 - 101.9°T 9

102 - 102.9°r



Table 23 - Appendix
DETAILS OF BIOTYPES AND SEROTYPES OT KLEBSIELLA FOUND

IN ASSOCIATION WITH VOUND AND SKIN INFECTION

Sero- Not of Strain Strain Hospital

type Isolates Ref,No. blotype Designated Acquired
3 4 244 KA duloitol - T5 Yes
245 KA duloitol - 5 Yes
246 MR+ i B3 a NO ->
247 KA dulcitol ¢ = T7 No
5 2 248 KA dulcitol - V3 No A
249 KA dulcitol - *3 No
7 1 250 KA duloitol : Ul . Yes ~
9 2 5?& KA dulcitol - T11 Yes
KA dulcitol - Til Yes
11t-rf 2 253 KA duloitol - T14 Yes ~
254 KA dulcitol + T13 Yes .
13(xv7) 1 255 mr T v4 No
16 1 256 KA duloitol + T19 Unknown
17 1 257 KA duloitol - un Yes
19 1 258 KA duloitol - ul4 v: Yes
26 1 259 MR o, VP - V5 Yes
35 3 260 MR**- vP-, Indole V6 Yes
261 KA dulcitol - T24 No
262 KA dulcitol + W7 “y Yes %
not 1%No 17 263,264, KA dulcitol « 263,26k,
267,268, (6 cases) not 267 only
270,271.
265,266, KA dulcitol - classified, 266,273,
273,274, (10 cases) zZ7U,276,
275,276, 277 only
277,278, serotype
279,280,
269 glycerol - unknowne No
272 MR* VP- ,adonitcs>1 -* Ye,



Table 2frxi-Appending

v 1

J-.

SPECIMENS Or KLEBSIELLA AEROGENES OBTAINED AT AUTOPSY

isolate vy Source of Speci-
men at Autopsy. type”

:Swab of bleeder =og:>1

Numbert .

28

*$'183
28i«

285

286

KI8T j-

i]288 |
289

290

veil . 3 -

I Swab meninges* rj p j

"M b
1-J»0

Swab bronchuse 311

Swab lung.

Swab prostatlo .7
£ abscess .

" Swab spleen. 7
Swab liver abacssi

f,.7
Splenic abeoees*"]

»

Kidney abscess. 7

Mesenteric lymph .
node. W'e >

Sere-

Blotype £

MR o, VP e,
indole + ;-

KA dulcitol -

indole™ +
indole -
KA dulcitol

KA duloitol
KA, gicitol
KA dulcitol
KA dulcitol
XA dulcitol

Strain-
Classified

Jv8 j*

ui:;-*0
not
classified

- W |

Ul
82
x 82 A A
82

82



Table 25 - Appendix

STOCK CULTURES OF KLEBSIELLA SPECIES USED XN ANTISERA

PREPARATIONd*AND g1 .TESTING FOR CROSS REACTIONS

CNaLE?nIt(J)egrue Batch ! /hOIarn;znis?;c ; , V* r :pJSfer:]O-
JOINVP 2 Klebslella edwardsii var 1
edwardsii .. *T v Tt
>055 , 1 = 2
5046 121 K. rhinoscleromatis 13
5050 | 4 K. ozaenae 4
« 5051 2,;. K. ozaenae 5
5052 2 K*d 0zaenae -4 “wo W 6
9127 %M Klebsiella species 7
9128 K va e 81
| 9129 f mHi M 9
9130 1 T « . 10\
9131 ; ? .. 11
9132 It g L, « 12
9133 - SV Lr 13
913* v2 A* /. N/ It. - r.’ 14
9135 &*eV& o yimAL 15
9136 a V2 « m Bi*i ' LA? Eam 16
29137 2 A ilsf2si’] | » 17
9138 2 : S Vow "o, . 18
9139 1 S n 19
9140 . 2 ft 20

Continued /



Table 25 - Appendix (Continued)

STOcjf CULTURES OT KLEBSIELLA SPECIES USED IN ANTISERA

PREPARATION, AND IN TESTING FOR CROSS REACTIONS n
Ronbogue  Batoh G2 o gt
' 91*11 V i Klebsiella afeclea 21:
91*18 aM <rl c L 22
91*13 u* onf n 23
91*i*i 1 M's 2m  An 2n
91*15 1 T E LD Vet | 25].+ *
91*t6 2 8%e FN Kellj* ¢ 26

191%7 | e It 1 57
91%i8 1 N N} mm =V 28

| 91*19 1 e AV M=~ 29

: 9150 1 it ft 30
9151 It 31
m915%*; 5r -$i 32
9153 * 1 i - » & % 33

- 915*1 8gjl W e, -~

L9155 f1;1 ' i > 35,
9156 1 siira R PRAVARRR 36
9157 1 It 37
9158 > 1 n i 38
9159 ] It */ ft, 39
9160 y ~? -f. mit - RA % Jo
9161 2 e’ n

Continued

31



Table 25 - Appendix (Continued)

STOCK CULTURES OF KLEBSIELLA SPECIES USED IN ANTISERA
PREPARATION. AND IN TESTING FOR CROSS REACTIONS

Cﬁ&%ggue Batch Name of Organism - %()%Oe__
9162 1 Klebsiella species P
9163 3 - . M *3
916*4 2 t ~ H 71
9165 2 L " 45
9166 2 n n b
9167 2 r A7
9168 2 n =1 *8
9169 2 LE Lt *D
9170 2 s 50
9171 1 = " xik 51
9172 -/2 <] T 52
9173 1 € = B 7 53
o7 1 € A
9175 1 T F 55
9176 1 s N 56
9177 1 [ N 57
9178 1 o L 58
9179 | « t 59
9180 1 L k 60
9181 1 * H 61
9182 1 K L 62

Continued /



Table 25 - Appendix (Continued)

STOCK CULTURES OF KLEBSTELIA SPECIESMPSED

IN ANTISERA

preparation, and xn testing for cross reactions

Catalogue
Numberb

9183
9l8i(
0185
9186
9187
9188
9189
-9190
9191
9192

Batoh

1

[T T O S O LN

Name of Organism

Klebsiella species
I ®n KM T#

% * s=* £°
n L8
LS V™ e
L £ KE
SIWVyYyT_"w
7. 7
*» S-- [§
a .

Sero-

- type

63

m66
67

69
170
71
72



Table ~g6 JMt Appendix "> & Y r-k

volumes OF ascitic rum) obtaikbd from mice immunised

WITH KLEBSIELLA SPECIES INTRAPERITONEALLY -

Sero«> ' No* oT mice 1Number T Total Volume 1lAverage volume
type A Inoculated - 1Surviving 1lAscitic Fluid 1jper Mouse

(mD) -M
1 11)1 B 40 N “/fnm
1 *ii mggj 6 Sti 46 7*76 "4 *
3 6 4 54 13.3% ;
vV 6 i-6 70 11 .66
v5 TE-L6U, >° 5 -30 6
6 6 6 48 8
e_X-3 6 35 11.66
NGigp. 6 5 20 4
6 ho .52 8+66
rto "6t 6 58 9.33
pil 6 3 6 INI“46 » = 8
6 11S5B1IB5 60 12
i 13pi 6 85 16.16
si** 21  B6 32 %1 ENV 20 wh.* 5
15 ~6| 70 11.66
16 I3;3: 53 10.6
3f-7 6 5 A 048 8
18 fW* fv 6 54 9
e ] [SANY) 6 : 40 >3 6.66
20 6 6 25 - . ; 6.16
*21kve 6 6.66



Table 26 - Appendtjfr.fContinued)™.t

VOLUMES OF ASCIT~femia OBTAINED FROM MICE IMMUNISED

t VITH KLEBSIELLA SPECIES INTRAPERITONEALLY
8erd~ 1No.of Dice Number Total Volume JAverage Volume
typ#/ linoculated Surviving Aacitic fluid | per Mouse
(m1) @®x> /
2277 -y 6 71 > : 11*83
«23f 51 52 107
a2k 6 6 60 k..J:e.10
o5/ 6 6 50 9.33
26 | ** 3 25 8.33
*7 6 *>/ 6 o 2 7
28 6l 10.33
29 6 5 mv$ 20 4
301 6 6 70 11.66
31 6 6 81 ioad
=32/ 6 /75 . 12.5
,33 1] 6 : H6 86 16.33
?3A/ 6 5 70; 16
| 35 f 6 6 65 1.83
36 6 il 28 7
.37 . I* 761 6 1.8+12 final
138] . 6 05 / 70 1*
39 6 *3r yr I <& 7 v 9.8
kQ 6 : 36 9
Total volume asoltlc fluid » 2,09*1 ml

Number of mioe tapped * 216
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ACUTE BRONCHITIS DUE TO KLEBSIELLA®TPE_ 2

R*S. Female. 75 yeara.

Isolate No. 8 I Type 9. MR+, Indole + (Table 6-Appendix)

Antibiotlosi No previous antibioticsgiven.

Clinical Acute bronchitis.

diagnosis t ? Obstructive Jaundioe and uraemia.

VBC» 7.6 | Temperaturel 98°F (Tabl. 7 - Appendix)
&—ray"Cheall The heart i1s enlarged and aorta unfolded.

There is a small adhesion tooths peri-
cardium on the left hand border. There

y= are inflammatory changes in .the left
upper lobee #



oK+ . - XS - P11
Ve W T ST peey Y - W

-
i

V*®

Hfri Tre Vi

' A_A

. V/-Ne* 5 fomn o i R imef - W’Jﬁi‘
V< Hiz*y \\44021?;@'7—%%.3}'%"'?%@ }‘)K* W,

~ny ACUTE BRONCHITIS DUE TO KLEBSIELLA TYPE 13

K. X* Male.

Isolate No.

E Antibiotics |
Clinical
\AQﬁ diagnosist
AT ? VBCI 6.4
X-ray cheat»
s = , 1
B a u m m
m««. S~ "~

73 years.

9H Type 15. Typical bioohemistry.

(Table 6 - Appendix).
No previous antibiotics given

Acute bronchitis.
Congestive cardiac failure.

& YPRIRISE MW pliw WP iw p A~ A

Temoperature | [S:Shsa (Table 7 — Ap

The heart i1s grossly enlarged.
is dilated and torturous. There
gestion of the lung fields, and

g;eural thickeniqg at the right
T i MXTa 1 F .

pendix).

The aorta
is con-
a small

base.
tVR' V v

31 /4*

VA,



ACUTE BRONCHITIS DUE TO KLEBSIELLA TYPE 16

O.H. 80
Isolate No. < Type 16. Typical blochemistry.
“®R————— Table 6 - A dix).

m. ' 7(1 y>a>SfP§%%Q’L' '3% e\
Antlblotiost No previous antibiotioe given.
Clinioal Acuta bronchitis.
dragnosisi Prostatic hypertrophy.

X-ray chestl p The heart is enlargsd and there 1is
—~ unfolding of ths sorts. Ths right
lower lobo ehowa some infiltration*



BRONCHOPNEUMONIA DUE TO KLEBSIELLA TYPE 15

Isolate No;* 921 Type 15 Typical Biochemistrye
(See Table 6 - Appendix)

Antibioticsi Three days procaine penicillin.
Clinical Bronchopneumonia i1n a healthy adult
diagnosi”™y v *e>3 £ » > % M
Temperature | 103 P.

X-ray chestl (1) There are ill defined opacities in
both lung fields. Appearances
. - | consistent with bronohopneumonia.



7= BRONCHOPNEUMONIA DUE TO KLEBSIELLA TYPE 15 V

BCFFREY el \xF*y 5HA *\BY S Mt <M *
C.F. Isolate No. 92. Type 15 bronchopneumonia (Cont.)

X-ray chestt (2) Ten dftya later after Tetracycline 250 mgros
for nine 1|rftf X
Sputumi p . l*,/ Negative VIVCVT' ; $ MO |

Reporti Lungs are clear.



BRONCHOPNEUMONIA DUE "TO" KLEBSIELLA TYPE 9

Isolate No

Antibiotics! None

Bronchopneumonia* wX
diagnosis Diabetes mellitus.
WBC! H,900 Temperaturet 102°F (Table 7

The heart appears enlarged.

There 1is patchy inflammatory change 1in
both lower aones.



@ oisEs

M LOBAR‘JtOIEUMONIA DUE TO KLEBSW, &, |-\ .
-\ o

J. Male 85 years.

AP ﬁki?}f oY, TV fTWs A Ik R - X*’('%*

Isolate No. 981 Type 31. Biochemistry - no acid or
aaa from adonitol or glycerol*

S ; (Table 6 —--Appendlx) VKNI ;-
r% we **k’\JL’\eT SGY: s ~ VA D
Antibiotics» None.
Clinical ; Lobar pntu«onia*f£f, ™~ <m
diagnosisl Benign prostatlo hypertrophy*t At
VE~ e "B e Te - - = - ' am -
Temperaturet 103°F. (Table 7 - Appendlx)
me ; -k

(1) Antero-posterior view. n n



J.S. I»olat« Se (Continued)
5dEBZ«: (2) Lateral view.

Thera la consolidation In tha right

Reporti . !
uppar lob## which la clearing.

N There la elevation of tha right aido
v"4 of tha diaphraga, with fluid at the
right baase 1$ ' (A
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Ten days later the consolidation!

*:.; n
m
st e - L.
?i w .l | CE e
V.B.
NE* <t
U e
AV T
238 L)
SRS Y "
M*T1 F
GZi
"W

e

WG -, NV >» oJAV,'s
.A?*ﬁ?

w
*S»t. &-

- W -

V=%h ~

- E_m

XaoMIe No 83 (conhnued)

W A f'y

. EMiaE*m{?\'--

-3

(2) Oystic areas are now appearing within

suggesting
Staphylococcal or Klebsiella

b+

rv, 1

a
infection.
* er
Y
Seis
V- st AT-v;



W&wr &K 0p: @*

AW .B. T.nUta No. 82 (continued) JRE

X_ra,yi (3) Twenty daye after firat X-ray
on

" Eighteen daye a»piolllin.

_ v Sputum culture negative.

= e -
it VAG £ SEB2Eil#
i etai<e\ 31 )

I %4

Considerable improvement, with only

SIS *£$$ %

L o
e Sy

=P ¥

isanke OSSN B1

m k# *(£% N e

fof HRFI

s —isirtF

Eb$ S e " BES



LOBAR PNEUMONIA DUE TO KLEBSIELLA TYPE 11 <

L.H. Male. *0 years.

Isolate No. 90t Type 11. Biochemistry typioal.
(Table 6 - Appendix)

Antibiotics! No previous antibiotios given.

Clinical Lobar pneumonia in a previously
diagnosis 1l ®# fThealthy adultf *

vbEi 171000 Temperaturel 10"°F (Table 7 - Appendix)

X*r»y reporti V There 1is right lower lobe consolidatione



LOBAR PNEUMONIA. DUE TO KLEBSIELLA TYPE 8

L. X* Male. *8 yeara.

labiate No. QOi Type 8. Typical biochemistry.
(Table 6 - Appendix)

AntdUbiotioei No previous antibiotics given.
Left~upper lobar pneumonia*

diagnosisi Previously healthy adult*

WBC* 5,500 Temperaturei 103°F (Table 7-Appendix)

X-rayt v Shows an area of consolidation in the

left upper lobe*



LUNG ABSCESS DUE TO KLEBSIELLA TYPE 31

L.C. Male. 12 years.

Isolate No. 971 Type 31. Bioohemistry - gelatin liquefTied.
(Table 6 - Appendix)

Antibioticsi *No previous antibiotics.

Clinical- Lobar pneumonia and lung abscess.
diagnosist , ¢Jr

wWBCi 5,700 Temperaturei 98°F

X-ray chesti Area of consolidation at left base.

May be lung abscess which is developing.



i, [ |
& 9N'W "1
L.C. Isolate No. 97 (oontlnued)

» Bronchogrami The right lung and left upper lobe
are normal. The bronchi of the left
lower lobe are crowded and communicate
with an absoeaa cavity.

S plpi
&*S rJSFIgS



LUNG ABSCESS DUEKLEBSIELLA TYPE 10

C.P. Male. 5" years.

Isolate No* 88t Typo I16* Biooheroistry typical.
(Table 6 - Appendix)

Antibioticst No previous antibiotics given.
Clinical Lobar pneumonia with lung abscess.
diagnosis]| .|

WBCI 7,600 Temperaturei 98°F (Table 7-Appendix)

X-ray* oheatt ~ 1) There is a shadow in the region of the

right hiluto which may contain a oa—ity
and fluid levels.



LUNG ABSCESS DUE TO KLEBSIELLA TYPE iIn (continued)

C.P, *lIsolate No.

X=ra” (2 jgronchograjp

bronchial tree_ shows some mild
cylindrical bronchiectasis in the
neighbourhood of the abscess cavity ~ 7
the apex of the lower lobe. The rest of

are N 5_% appear normal- Appearanoee
are of infFlammatory disease i
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FATAL,": CASS ;,OF KLi.n«rirt”""1JVER ABSCKS* (Cont.)

opntaining greenish yellow pus

PMO/7/

l«iver ab«o«»»«» high powr
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R.J. (See page 152 - Case 9)

1. Septicaemia
2. Klebslella prostatic abscets
3 . Acute pyelonephritis with (a) papillitis necrotana
(b) multiple abscesses
£]l k - A 4V (0% .55
rif Kidney« R 315 gn» L 210 gn. P\f <

Both had perirenal fibrosis with densly adherent capsules.
The surface showed a few old healed scars and also focal
yellow abscesses* varying in size from 2 ma to 16 mm.



r J. (Continued)

1 Kidneys (cut section)

.- parenchyma was deep red with numerous yellow-
green abscesses of variable else scattered throughout,
but most prominently along the arcuate line. Most of
the pyramids were either necrotic or converted to
absoesses.
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A. P. view of mice, before and after immunisation



