
Thorax 1991;46:239-241

Ceftazidime treatment in cystic fibrosis: resistant
organisms in sputum and faeces

A M Dalzell, D Sunderland, C A Hart, D P Heaf

Abstract
Ceftazidime was used as the only
intravenous agent for treating lower
respiratory tract infections in patients
with cystic fibrosis. The risks of inducing
ft lactamases and conferring antibiotic
resistance are high when monotherapy is
used; so the emergence of resistant
bacteria was studied prospectively in the
sputum of 120 patients. The mean age of
patients was 9-0 (range 0 3-25) years and
there were equal numbers of male and
female patients. Pseudomonas aeru-
ginosa was the only ceftazidime resistant
bacterium to be isolated from the res-
piratory tract, and was identified only in
chronically colonised patients. Cefta-
zidime resistance occurred in 103 (14%)
of 750 P aeruginosa isolates, and in 16 of
36 chronically colonised patients. Cef-
tazidime resistant organisms were
isolated from the faeces of 17 of 64
patients investigated. Eighty two per
cent of the resistant faecal organisms
were single isolates: the same resistant
organism in faeces was isolated from
successive samples in only two patients.
In no case was the ceftazidime resistant
enteric isolate the same as that from
sputum. Patients chronically colonised
by P aeruginosa did not harbour cefta-
zidime resistant enteric organisms any
more than non-colonised patients. The
use of ceftazidime as a single intra-
venous agent in treating chest exacerba-
tions in cystic fibrosis does not induce a
reservoir of ceftazidime resistant
bacteria.
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Pseudomonas aeruginosa is frequently isolated
from the oropharynx of patients with cystic
fibrosis,' and when it persists it is associated
with an increase in morbidity.2 There is a

strong association between bacteria found in
the upper respiratory tract and lower airway
flora,3 and in patients chronically colonised
with P aeruginosa it can rarely be eradicated
despite treatment with broad spectrum
antimicrobial drugs.
P aeruginosa has several virulence factors

that enhance its survival in cystic fibrosis.
Selective intramural proteins4 are thought to
inhibit antibiotic penetration, and alginate,
produced by mucoid strains, probably
protects against the host immune response.5

Pseudomonas also possesses inducible # lac-
tamases. These are chromosomally encoded

enzymes that confer resistance against the #
lactam group of antibiotics and are produced
in large amounts in response to certain f
lactam antibiotics.6

Conventional treatment of acute lower res-
piratory infections in patients colonised by
P aeruginosa is generally by a combination of
antibiotics. The potential danger of using a
single antipseudomonal antibiotic is that resis-
tant strains might be selected. If this
occurred, strains could rapidly develop resis-
tance to widely varying f lactam antibiotics,
making treatment difficult and relapse more
likely.7 Of the broad spectrum cephalosporins,
ceftazidime has been shown to be as clinically
effective as antibiotic combinations, and its use
as a single agent has been advocated.8

If resistant strains of P aeruginosa emerge in
chronically colonised patients, the chest and
gastrointestinal tract are the major potential
reservoirs for such organisms. To determine
whether ceftazidime monotherapy promoted
the emergence of ceftazidime resistant organ-
isms, we have conducted a prospective survey
to see whether such bacteria are emerging in
sputum and stool.

Methods
The study was conducted over two years and
included all 120 patients attending Alder Hey
cystic fibrosis clinic. The mean age of the
patients was 9 0 (range 0 3-25) years, with
equal numbers of male and female patients.
Thirty seven patients were less than 5 years, 37
were 5-9, 23 were 10-14, and 23 were 15 or
over. Clinical features supported by two
positive results ofsweat tests had confirmed the
diagnosis ofcystic fibrosis in each patient. Most
patients (85%) attended the outpatient clinic at
intervals of four to six weeks.
At each hospital visit patients were assessed

clinically and bacteriological culture of a
sample ofsputum or a throat or cough swab was
undertaken. In addition, 64 patients submitted
stool samples for culture.

ANTIBIOTIC POLICY
All patients received continuous flucloxacillin
as prophylaxis against colonisation by
Staphylococcus aureus. Acute respiratory infec-
tions were treated initially with amoxycillin,
erythromycin, or trimethoprim, and if clinical
improvement was not seen within seven days a
clinical reassessment was made. IfP aeruginosa
was isolated, the patient was treated with oral
ciprofloxacin, nebulised aminoglycoside, or
intravenous antibiotic. Ceftazidime was the
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only intravenous agent used (150 mg/kg a day
in three divided doses); it was given for 14 days
either as a bolus or as a short period infusion.
Inpatient treatment was within an open ward
setting, and patients were isolated only when
multiresistant P aeruginosa or P maltophila was
identified. Once antipseudomonal treatment
had been initiated, all other antimicrobial
agents except flucloxacillin were discontinued.

BACTERIOLOGICAL MONITORING
Respiratory tract secretion samples (sputum
after physiotherapy, cough swabs, or throat
swabs) were taken at each clinic visit or while
the patient was in hospital. Samples were
cultured on blood agar, chocolate agar, and
MacConkey agar. Colonies were picked and
bacteria identified and tested for their sus-
ceptibility to a panel of antimicrobials (includ-
ing ceftazidime) by a controlled disc diffusion
method. If ceftazidime resistant bacteria were
isolated, further samples were obtained to
determine whether carriage or infection
persisted.

Samples of faeces were obtained from
patients before, during, and after ceftazidime
treatment. Samples were applied to blood agar
plates incorporating ceftazidime (10 mg/l). All
bacteria growing on these plates were identified
according to standard criteriae and stored for
determination of minimum inhibitory concen-
tration (MIC). This was determined by an agar
incorporation method with a bacterial
inoculum of 106 colony forming units and a
range of concentrations (1-64 mg/l) of cefo-
taxime, ceftazidime, tobramycin, ticarcillin,
and ciprofloxacin. If ceftazidime resistant
isolates were made, stool samples were
obtained more frequently to determine
duration of carriage.

STATISTICAL ANALYSIS
Differences between patients were analysed by
the Mann-Whitney U test and the x2 test.

Group culture results of
750 Pseudomonas
aeruginosa (Ps) isolates
from 36 chronically
colonised patients. L R -
resistant.

Results
Oropharyngeal and lower airway bacterial flora
were determined in 120 patients for the
presence of ceftazidime resistant bacteria, and
faecal flora in 64. Sixty five patients (54% ofthe
clinic population) received 185 courses of
ceftazidime during the study. One hundred and
thirty three courses (72%) were given to
patients with chronic colonisation by P
aeruginosa (more than six months).

RESPIRATORY FLORA
Throat and cough swabs and sputum samples
were cultured on 2480 occasions. The most
frequent isolates were P aeruginosa (750; 30%),
Haemophilus influenzae (370; 15%), Staphy-
lococcus aureus (298; 12%), H influenzae plus S
aureus (180; 7 5%), others (228; 9 5%). No
potentially pathogenic isolate was obtained in
654 (26%) samples taken.
P aeruginosa was isolated from the res-

piratory tract in 66 patients (55%), ofwhom 36
(30%) were chronically colonised (for more
than six months). The mean age at which
chronic P aeruginosa colonisation was recog-
nised was 10 (range 1-23) years.
The figure shows the results of 713 sputum

samples (mean 20 per patient) cultured from
the 36 patients with chronic P aeruginosa
colonisation. Each isolate was categorised as
being resistant to aminoglycosides, carboxy
and ureido penicillins, ciprofloxacin, or
ceftazidime.
One hundred and three P aeruginosa isolates

(14%) were resistant to ceftazidime. They were
isolated from the sputum of 16 chronically
colonised patients, with a frequency of isolation
of less than one in three samples collected.
Forty five isolates were sensitive to all
antibiotics but ceftazidime. All 58 multi-
resistant isolates (6-3%) were from patients
whose sputum yielded ceftazidime resistant
bacteria. Two patients carried Pseudomonas
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Ceftazidime treatment in cysticfibrosis: resistant organisms in sputum andfaeces

Comparison between patients chronically colonised with Pseudomonas aeruginosa who
carry ceftazidime resistant bacteria in sputum and those who do not (means with ranges)

No ofpatients

Ceftazidime Ceftazidime
resistant sensitive
P aeruginosa P aeruginosa
(n = 16) (n = 20) p

Current age (years) 15 8 (13-25) 12-4 (1-24) 0-13
Current Shwachman score 53 (35-80) 70 (50-95) < 0 001
P aeruginosa colonisation (years) 4-8 (0 5-10) 2-7 (0-5-15) < 0-05
Ceftazidime usage (courses in 2 years) 5 3 (0-15) 2-4 (0-6) < 0-02

maltophilia, which was not multiresistant, in
addition to resistant P aeruginosa.
At the mid point of the study period the 16

patients with chronic colonisation by cefta-
zidime resistant P aeruginosa had lower Shwa-
chman scores, had been colonised longer, and
had had more courses of ceftazidime (table).

FAECAL FLORA
Of 127 faecal samples, 29 ceftazidime resistant
bacteria were obtained from 17 of the 645
patients providing stool samples (127 samples
in all). Of these 17 patients, three had never
taken ceftazidime. Two patients carried two
different ceftazidime resistant bacteria on
separate occasions. Most isolations were made
on one occasion only (82%); five patients,
however, carried the same organism on more
than one occasion, the longest period being 11

months before carriage ceased. Only five
patients with chronic colonisation of the chest
with P aeruginosa carried a ceftazidime resis-
tant bacterium in their intestine and in no case
was the same ceftazidime resistant bacterium
isolated from faeces and the respiratory tract at
the same time. There was no relation between
the presence of ceftazidime resistant P aeru-

ginosa in sputum and in faeces (p 07). The
MICs of 22 of 29 ceftazidime resistant bacteria
(Escherichia coli 9, Enterobacter spp 5, Citro-
bacter freundii 4, and one each of P aeruginosa,
P maltophila, Acinetobacter spp, and Hafnia
alvei) isolated from faeces were all, except for
one isolate, above 64 mg/l for ceftazidime and
all had an MIC for ticarcillin above 64 mg/l. All
were sensitive to ciprofloxacin (20 with an MIC
below 1 mg/l).

Discussion
In our patients with cystic fibrosis a persistent
reservoir of ceftazidime resistant bacteria did
not develop in either the respiratory or the
gastrointestinal tract when ceftazidime was

used as single agent treatment for P aeruginosa
infection.
The presence of ceftazidime resistant P

aeruginosa in the sputum ofpatients was related
to greater use of ceftazidime, longer colonisa-
tion by P aeruginosa, and a lower Schwachman
score, but not to age. Patients treated more

frequently with ceftazidime are more likely to
carry ceftazidime in their sputum, though this
occurred with a frequency of less than 1 in 3 in
the samples we cultured. Ceftazidime resistant
bacteria were found infrequently in faecal
samples, and patients chronically colonised by
P aeruginosa were no more likely to carry

ceftazidime resistant bacteria in their stool than
were patients without respiratory tract
colonisation.

These findings are encouraging, showing as
they do a low prevalence of ceftazidime resis-
tant organisms in patients who have had
repeated exposure to the antibiotic over two
years. The good clinical response and lack of
important side effects'0 make ceftazidime a
suitable first line antibiotic in treating lower
respiratory exacerbations in patients with
cystic fibrosis. Ceftazidime combined with an
aminoglycoside produces a more favourable
quantitative reduction in the P aeruginosa
colony count than ceftazidime alone, but dual
antibiotic treatment produces no detectable
clinical advantage over ceftazidime treatment
alone.8
This study does not address the question of

the temporal relation between the occurrence
of resistant isolates and treatment with
ceftazidime. Schryvers et all' reported #
lactamase production by P aeruginosa in one
patient with cystic fibrosis treated with
ceftazidime, and noted that resistant strains of
P aeruginosa were isolated mainly during treat-
ment. They suggested that bacteria susceptible
to ceftazidime flourish before and after the
treatment period and have a selective growth
advantage. It is not surprising, therefore, that
greater numbers of ceftazidime resistant
isolates from sputum occurred in the chron-
ically colonised patients who received the
greatest number of ceftazidime courses during
the study period.
The unique relation between P aeruginosa

and patients with cystic fibrosis makes inter-
pretation of in vitro sensitivity studies
particularly difficult and, although we have
not presented data to show the clinical
improvement with intravenous antibiotic use,
we have found that a good clinical response is
common even when ceftazidime resistant P
aeruginosa is isolated from sputum during
treatment with ceftazidime. We change
antibiotics only in the face of multiply resistant
organisms and an absence of clinical
improvement.
AMD held a Cystic Fibrosis Research Trust fellowship.
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