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Grading scheme for recommendations used in the Antibiotic Treatment
for Cystic Fibrosis

The criteria for the grading of recommendations in this document are based upon a paper by Petrie
et al published on behalf of the Scottish Intercollegiate Guidelines Network.

Levels of evidence

Level Type of evidence (based on AHCPR, 1992) 

Ia Evidence obtained from meta-analysis of randomised controlled trials.

Ib Evidence obtained from at least one randomised controlled trial.

IIa Evidence obtained from at least one well designed controlled study without 
randomisation.

IIb Evidence for at least one other type of quasi-experimental study.

III Evidence obtained from well-designed non-experimental descriptive studies, such
as comparative studies, correlation studies and case control studies.

IV Evidence obtained from expert committee reports or opinions and/or clinical 
experience of respected authorities.

Grading of recommendations

Grade Type of recommendation (based on AHCPR, 1992)

A (levels Ia, Ib) Requires at least one randomised controlled trial as part of the body of 
literature of overall good quality and consistency addressing the specific 
recommendation.

B (levels IIa, IIb, III) Requires availability of well conducted clinical studies but no randomised
clinical trials on the topic of the recommendation.

C (level IV)       Requires evidence from expert committee reports or opinions and/or
clinical experience of respected authorities.  Indicates absence of directly
applicable studies of good quality.

Petrie GJ, Barnwell E, Grimshaw J, on behalf of the Scottish Intercollegiate Guidelines Network. Clinical guidelines:
criteria for appraisal for national use. Edinburgh: Royal College of Physicians, 1995.

Agency for Health Care Policy and Research. Acute pain management, operative or medical procedures and trauma
92-0032. Clinical practice guidelines. Rockville, Maryland, USA: Agency for Healthcare Policy and Research
Publications, 1992.
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1. THE USE OF ANTIBIOTICS IN CYSTIC FIBROSIS

1.1  Introduction

The main objective when treating people who have cystic fibrosis (CF) is to prevent, eradicate or
control all types of respiratory infection, particularly endobronchial and pulmonary infection with
Staphylococcus aureus, Haemophilus influenzae, Pseudomonas aeruginosa and Burkholderia
cepacia. The common viral respiratory infections are important in initiating and exacerbating the
chest infection and contribute to the associated damaging inflammatory process. It is important
that people who have CF receive the usual immunisations particularly against whooping cough and
measles and have annual protection against influenza.

Without antibiotic treatment, the abnormal respiratory secretions of the infant with CF soon
become infected (Armstrong et al, 1996 [III]); endobronchial infection and inflammation become
established and eventually progress to fatal respiratory failure. However, there are striking
differences in the prevalence rates for all types of infection in patients attending different CF clinics
and these are almost certainly determined by local differences in preventive measures and treatment
policies (Bauernfeind et al, 1996 [IV]). This suggests that, at least for a proportion of patients,
endobronchial infection is not inevitable.

Recent reports of a highly transmissible P. aeruginosa affecting a number of patients with CF in the
same Specialist CF Centre (Jones et al, 2001 [IV]; McCallum et al, 2001 [IV]) have heightened the
need for strict hygienic precautions, regular expert microbiological monitoring and in some
instances the introduction of patient segregation according to microbiological status (A statement
on Burkholderia cepacia. Cystic Fibrosis Trust, 1999 [IV]; Pseudomonas aeruginosa infection in
people with cystic fibrosis. Cystic Fibrosis Trust, 2001 [IV]).  

1.2  Present day antibiotic regimens are increasingly effective in cystic fibrosis

It is now established that various regimens of oral, nebulised and intravenous antibiotics can prevent,
eradicate or delay chronic infection of the lower airways (Valerius et al, 1991 [Ib]; Weaver et al, 1994
[Ib]; Frederiksen et al, 1997 [IIb]; Ratjen et al, 2001 [IIb]). Even when airway infection becomes
established, the decline of respiratory function can be slowed by appropriate antibiotic treatment.

1.3  Use of antibiotics in CF differs from their use in unaffected individuals

The general approach to treat aggressively any pathogens isolated differs from that for the general
population and often requires higher doses for longer periods compared with non-CF individuals.
In non-CF individuals most respiratory infections will resolve completely without antibiotics. In
contrast, in CF, chronic and progressive lower respiratory tract infection is early and inevitable,
leading to death in early childhood, unless antibiotic treatment is used.

As lower respiratory infection is often difficult to identify from upper respiratory cultures,
antibiotics are often given on the strong probability of there being a susceptible chest infection.

1.4  Particular problems when using antibiotics in people with cystic fibrosis

The metabolism and clearance rate of some antibiotics are altered in individuals with CF and also
varies with the severity of the chest infection (Sorgel et al, 1996 [III]). The doses required and
plasma levels achieved are different in people with CF from other patients. The need to use
repeated courses of potentially toxic drugs, such as aminoglycosides, over many years increases the
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need for careful monitoring to prevent impairment of renal function, hearing and other adverse
effects. With repeated exposure to the same antibiotics, hypersensitivity reactions are more likely
to occur and, in one series, affected over 60% of patients (Koch et al, 1991 [IV]). The frequent use
of antibiotics to treat chronic infection increases the risk of bacterial resistance and the need for
regular expert microbiological monitoring (Saiman & Prince, 1996 [IV]; Kenwood et al, 2001 [IV]).

Implantable venous access devices are valuable when venous access is difficult and may improve the
patient’s quality of life. The introduction of home intravenous (IV) antibiotic therapy has been a
major factor in improving the prognosis and daily lives of many patients with cystic fibrosis. The
CF Nurse Specialist has a key role in implementing many of these complex treatment regimes, such
as home IV therapy. All patients should have access to a Specialist CF Nurse when self-treating at
home (National Consensus Standards for the Nursing Management of Cystic Fibrosis. UK Cystic
Fibrosis Nurse Specialist Group. Cystic Fibrosis Trust, 2001 [IV]).

1.5  Health and survival are clearly related to the presence,severity and progress of
the chest infection

Although the present median survival of over 30 years for patients with CF is vastly better than a
decade ago, it is poor when compared to that of unaffected individuals. The main cause of death is
respiratory failure secondary to chronic pulmonary infection. In the majority of patients this
infection is first acquired in early childhood. Every year improved treatment is reflected in the
improved survival figures (Dodge et al, 1997 [III]). Although many factors have contributed to the
improved prognosis, survival is clearly better among those who do not have chronic chest
infection. Recently in the USA, if respiratory cultures remained negative (suggesting that bacterial
infection was absent), the average survival was 39 years, but if the patient is chronically infected
with P. aeruginosa, average survival was only 28 years and, if infected by B. cepacia, only 16 years
(Cystic Fibrosis Foundation Patient Registry, 1996 [III]). It is now well established that progress is
worse when chronic infection with P. aeruginosa becomes established (Kerem et al, 1990 [III];
Pamukcu et al, 1995 [III]; Nixon et al, 2001 [III]). Although a slow steady decline of respiratory
function with age is seen in cross-sectional data, respiratory function remains stable for many years
in individuals who avoid chronic infection.

1.6  The prevalence of chronic infection differs between Specialist CF Centres

The prevalence of the respiratory pathogens recovered from people with CF differs considerably
between clinics, possibly reflecting different infection control and antibiotic treatment policies.
There are considerable differences in the way antibiotics are used for people with CF in the UK,
even between large Specialist CF Centres (Taylor et al, 1993 [IV]) and even greater differences
amongst countries (Bauernfeind et al, 1996 [IV]). 

1.7  Early treatment is more successful in achieving eradication

The introduction of neonatal screening for CF and diagnosis within the first weeks of life allows an
early start to preventive measures, regular microbiological monitoring for the presence of
respiratory infection, and early antibiotic treatment. Chronic S. aureus and chronic P. aeruginosa
are impossible to eradicate once well established; but, if treated early, both S. aureus (Szaff &
Hoiby, 1981 [IV]) and P. aeruginosa (Littlewood et al, 1985 [IV]; Valerius et al, 1991 [Ib]; Brett et al,
1992 [IIb]; Frederiksen et al, 1997 [IIb]; Doring et al, 2000 [IV]) can be cleared successfully.

1.8  Conclusion

Antibiotics are one of the most important components of present-day CF treatment, which has
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been responsible for an increase in the median survival from 2 years to over 30 years. The quality of
life, length of survival and the cost of care are commonly determined by the success or otherwise of
the antibiotic treatment of the initial P. aeruginosa infection in early childhood, and by the
subsequent antibiotic treatment.

In an attempt to determine the best way to generalise such treatment regimens and to ensure that
all people with CF benefit from them, the Cystic Fibrosis Trust organised this Antibiotic Group.
The views set out in this Report are those agreed by this panel of experts. However, the
recommendations are not mandatory guidelines, and the staff at individual Specialist CF Centres
will wish to interpret them in the light of their own experience and perceived needs of each patient
on a day-to-day basis. 

We hope this second edition of the document will continue to provide accessible up-to-date
information and guidance for those with the considerable responsibility for advising on the
treatment of patients with cystic fibrosis.
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2. MICROBIOLOGY AND ANTIBIOTIC THERAPY:
A CF PERSPECTIVE

2.1  Introduction

Uncertainty continues as to the best antibiotic regimens at particular stages of CF disease.
Moreover, the prevalence of multiresistant pathogens is increasing, reducing the efficacy of some
therapies. It is therefore timely to consider the optimal antibiotic regimens for treating patients
with CF in the light of present knowledge.

2.2 Bacterial pathogens

From birth, individuals with CF are susceptible to microbial infections of the major airways.
The biological mechanisms underlying this susceptibility originate from the pathophysiological
consequences of defective CFTR (cystic fibrosis transmembrane regulator). Viral infections
increase susceptibility to the more important bacterial infections (Armstrong et al, 1998 [III]).

The spectrum of CF pathogens remains surprisingly limited (Gilligan, 1991 [III]; Govan & Deretic,
1996 [III]; Hutchinson & Govan, 2000 [III]). The classic sequence is age-related and consists of
S. aureus in early infancy, followed by H. influenzae and P. aeruginosa. During the last decade, the
B. cepacia complex (LiPuma, 1998 [III]) has emerged as a major pathogen in CF, and the possible
role of Stenotrophomonas maltophilia awaits clarification (Denton & Kerr, 1998 [III]).
Burkholderia cepacia has become a particular problem because of its multiresistance and the
transmissibility of some strains. In approximately one-third of infected patients the organism
causes ‘cepacia syndrome’, a fulminating pneumonia and septicaemia that can be swiftly fatal.

2.3  ‘Colonisation’ versus ‘infection’

Some microbiologists and clinicians describe asymptomatic carriage as merely ‘colonisation’ and
retain the term ‘infection’ to describe periods of active exacerbation or clinical decline. Recently,
however, analyses of bronchoalveolar lavage fluids from infants with CF revealed that
inflammatory markers might be present in the lung from a very early age, with or without culture
of known pathogens. Therefore, in this document, we shall apply the term ‘infection’ to describe
culture of known pathogens from the respiratory tract. Infections often involve strains and species
that vary over time in their antibiotic susceptibility: this behaviour is particularly seen for
P. aeruginosa (Seale et al, 1979 [III]; Thomassen et al, 1979 [III]; Govan et al, 1987 [III]) and
B. cepacia (Hobson et al, 1995 [III]; Pitt et al, 1996 [III]).

2.4  Pseudomonas aeruginosa

Pseudomonas aeruginosa remains the major pathogen of most patients with CF, the majority being
initially chronically infected by their early teens. The classical non-mucoid form infects the airways
prior to the subsequent emergence of the mucoid alginate-producing variants. The presence of the
non-mucoid form is frequently asymptomatic and may be intermittent.

Eradication or major reduction of the bacteria in the early stages of colonisation is possible with
appropriate antibiotic therapy (Littlewood et al, 1985 [IV]; Govan et al, 1987 [III]; Valerius et al,
1991 [Ib]; Frederiksen et al, 1997 [IIb]; Ratjen et al, 2001 [IIb]) thus reducing the microbial
reservoir from which alginate-producing mutants later arise (Govan & Deretic, 1996 [III]). Once
the transition to the mucoid form has occurred, infection becomes chronic and is associated with
intermittent exacerbations and progressive lung disease. Antibiotic treatment of mucoid
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P. aeruginosa infection may reduce the bacterial population in the sputum and produce some
clinical benefit but permanent eradication is seldom if ever achieved. The molecular regulation of
mucoidy in P. aeruginosa and the damaging consequences for the CF lung have recently been
extensively reviewed (Govan & Deretic, 1996 [III]; Hutchinson & Govan, 2000 [III]).

Pseudomonas aeruginosa is inherently very resistant to antimicrobials, with low permeability,
multiple drug efflux systems and a powerful chromosomal β-lactamase (Livermore, 1995 [III];
Nikaido, 1994 [III]). Further resistance arises via mutation or plasmid acquisition. Resistance rates
to β-lactam, aminoglycoside and quinolone antibiotics are particularly high for isolates from
patients with cystic fibrosis (Kenwood et al, 2001 [IV]). However, there are poor correlations
between in vitro and in vivo behaviour of the P. aeruginosa which complicate susceptibility testing
of isolates from patients with cystic fibrosis. Furthermore, definitions of resistance based on
parental administration of antibiotics may not be relevant to aerosol delivery where concentrations
100-fold higher than systemic concentrations are achieved (Ramsay et al, 1999 [Ib]; Govan 2002
[IIb]). Some patients may carry multiple strains with different resistance profiles and, even when
genomic fingerprinting shows infection by a single strain there is often considerable heterogeneity
in the antibiogram within the infective population. Resistant subgroups may be selected during
therapy (Denton & Wilcox, 1997 [III]), though these variants may have been too few in numbers to
be detected in the initial susceptibility testing. Antimicrobial choices should be based on laboratory
testing of a sample of colonial morphotypes rather than on a single colonial isolate (Wolter et al,
1995 [III]).

In vitro antimicrobial resistance is even greater in B. cepacia and S. maltophilia than in P. aeruginosa,
and it is frequent to see isolates with apparent resistance to all antibiotics. Burkholderia cepacia
presents a major problem, being increasingly associated with the spread of highly transmissible
strains. These epidemic strains are variable in antibiogram, presumably reflecting the continuing
accumulation of mutations or acquired DNA. However, the mechanisms and genetics of
antimicrobial resistance in B. cepacia are unclear with the role of efflux, in particular, awaiting
definition. The drugs most likely to remain active are co-trimoxazole, minocycline and meropenem
(Pitt et al, 1996 [III]; Saiman, 1998 [III]; Nzula et al, 2002 [III]). The resistance mechanisms of
S. maltophilia are better understood but in vitro data cannot easily be extrapolated into the patient,
because the MICs of β-lactams and aminoglycosides vary widely with the susceptibility test
conditions (Bonfiglio & Livermore, 1991 [III]; Wheat et al, 1985 [III]).

2.5  Summary

Antibiotic therapy for patients with CF requires a specialised approach that takes into account the
idiosyncrasies of CF microbiology. During the past decade there have been significant
improvements in the antimicrobial activity of antipseudomonal agents available and a growing
acceptance of the microbiological rationale and clinical benefits of early and aggressive therapy
against P. aeruginosa (Doring et al, 2000 [IV]). One of the most important advances is the discovery,
from clinical trials, that chronic infection by mucoid P. aeruginosa can be reduced or delayed by
early treatment with nebulised colomycin and oral ciprofloxacin (Littlewood et al, 1985 [IV];
Valerius et al, 1991 [Ib]; Frederiksen et al, 1997 [IIb]) or nebulised tobramycin (Ratjen et al, 2001
[IIb]). The rationale behind this strategy is that the virulent and intractable mucoid P. aeruginosa
emerge as mutants from a reservoir of non-mucoid organisms. If treated early, these progenitor
strains can be reduced or eliminated, delaying or even preventing the emergence of ineradicable
mucoid variants (Govan et al, 1987 [III]; Govan & Deretic, 1996 [III]).

Even when early therapy fails to eradicate established mucoid P. aeruginosa infection, the use of
agents such as tobramycin, ceftazidime, ciprofloxacin and meropenem results in reduced
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inflammatory markers, improved lung function and an improved sense of wellbeing, associated
with an improved clinical condition. Hypotheses to explain these benefits include reduction of the
bacterial load in the CF lung (Govan et al, 1987 [III]; Regelman et al, 1990 [III]) and suppression of
the biosynthesis of virulence factors, including alginate, which is a major pseudomonal virulence
determinant in the context of cystic fibrosis (Govan & Deretic, 1996 [III]).

2.6  References

Armstrong D, Grimwood K, Carlin JB, Carzino R, Hull J, Olinsky A, et al. Severe viral respiratory infections in infants
with cystic fibrosis. Pediatr Pulmonol 1998; 26:371-379.

Bonfiglio G, Livermore DM. Effect of media composition on the susceptibility of Xanthomonas maltophilia to β-lactam
antibiotics. J Antimicrob Chemother 1991; 28:837-842.

Denton M, Wilcox MH. Antimicrobial treatment of pulmonary colonization and infection by Pseudomonas aeruginosa
in cystic fibrosis patients. J Antimicrob Chemother 1997; 40:468-474.

Denton M, Kerr KG. Microbiological and clinical aspects of infection associated with Stenotrophomonas maltophilia.
Clin Microbiol Rev 1998; 11:57-87.

Doring G, Conway SP, Heijerman HGH, Hodson M, Hoiby N, Smyth A, et al. Antibiotic therapy against Pseudomonas
aeruginosa in cystic fibrosis: A European Consensus. Eur Respir J 2000; 16:749-767.

Frederiksen B, Koch C, Hoiby N. Antibiotic treatment of initial colonisation with Pseudomonas aeruginosa postpones
chronic infection and prevents deterioration of pulmonary function in cystic fibrosis. Pediatr Pulmonol 1997;
23:330-335.

Gilligan PH. Microbiology of airway disease in patients with cystic fibrosis. Clin Microbiol Revs 1991; 4:35-51.

Govan JRW, Doherty C, Glass S. Rational parameters for antibiotic therapy in patients with cystic fibrosis. Infection
1987; 15:300-307

Govan JRW, Deretic V. Microbial pathogenesis in cystic fibrosis: mucoid Pseudomonas aeruginosa and Burkholderia
cepacia. Microbiol Rev 1996; 60:539-574.

Govan J R W. Insights into cystic fibrosis microbiology from European tobramycin trial in cystic fibrosis. J Cystic
Fibrosis 2002: In press. 

Hobson R, Gould I, Govan J. Burkholderia (Pseudomonas) cepacia as a cause of brain abscess secondary to chronic
suppurative otitis media. Eur J Clin Microbiol Infect Dis 1995; 14:908-911.

Hutchinson ML, Govan JRW. Pathogenicity of microbes associated with cystic fibrosis. Microb and Infect 2000;
27:73-77.

Kenwood CJ, Livermore DM, James D, Warner M and the Pseudomonas Study Group. Antibmicrobial susceptibility of
Pseudomonas aeruginosa: results of a UK survey and evaluation of the British Society for Antimicrobial Chemotherapy
disc susceptibility test. J Antimicrob Chemother 2001; 47:789-799. 

LiPuma JJ. Burkholderia cepacia: Management issues and new insights. Clin Chest Med 1998; 19:473-486. 

Littlewood JM, Miller MG, Ghoneim AG, Ramsden CH. Nebulised colomycin for early pseudomonas colonisation in
cystic fibrosis. Lancet 1985; i: 865.

Livermore DM. β-lactamases in laboratory and clinical resistance. Clin Microbiol Revs 1995; 8:557-584.

Nikaido H. Prevention of drug access to bacterial targets: permeability barriers and active efflux. Science 1994;
264:382-388.

Nzula S, Vandamme P, Govan JRW. Influence of taxonomic status on the in vitro susceptibility of the Burkholderia
cepacia complex. J Antimicrob Chemother 2002; 50:265-269.

Pitt TL, Kaufmann ME, Patel PS, Benge LCA, Gaskin S, Livermore DM. Type characterization and antibiotic
susceptibility of Burkholderia (Pseudomonas) cepacia isolates from patients with cystic fibrosis in the United Kingdom
and the Republic of Ireland. J Med Microbiol 1996; 44:203-210.

Ramsay BW, Pepe MS, Quan JM, Otto KL, Montgomery AB, Williams-Warren J, et al. Intermittent administration of
inhaled tobramycin in patients with cystic fibrosis. N Eng J Med 1999; 340:23-40.

Ratjen F, Doring G, Nikolaizik WH. Effect of inhaled tobramycin on early Pseudomonas aeruginosa colonisation in
patients with cystic fibrosis.  Lancet 2001; 358: 983-984.

Regelman WE, Elliott GR, Warwick WJ, Clawson CC. Reduction in sputum Pseudomonas aeruginosa density by
antibiotics improves lung function in cystic fibrosis more than do bronchodilators and chest physiotherapy. Am Rev
Resp Dis 1990; 141:914-921.

Saiman L. Antimicrobial resistance among Burkholderia, Stenotrophomonas and Alcaligenes studied by the CF
Reference Center for susceptibility and synergy testing. Pediatr Pulmonol 1998; Suppl 17:118-119.

Cystic Fibrosis Trust September  200211



Seale TW, Thirkhill H, Tarpay M, Flux M, Rennert OM. Serotypes and antibiotic susceptibilities from single sputa of
cystic fibrosis patients. J Clin Microbiol 1979; 9:72-78.

Thomassen MJ, Demko CA, Boxerbaum B, Stern RC, Kichenbrod PJ. Multiple isolates of Pseudomonas aeruginosa with
differing antimicrobial susceptibility patterns from patients with cystic fibrosis. J Infect Dis 1979; 140:873-880.

Valerius NH, Koch C, Hoiby N. Prevention of chronic Pseudomonas aeruginosa colonisation in cystic fibrosis by early
treatment. Lancet 1991; 338:725-726.

Wheat PF, Winstanley TG, Spencer RC. Effect of temperature on antimicrobial susceptibilities of Pseudomonas
aeruginosa. J Clin Path 1985; 38:1055-1058.

Wolter JM, Kotsiou G, McCormack JG. Mixed morphotype testing of Pseudomonas aeruginosa cultures from cystic
fibrosis patients. J Med Microbiol 1995; 42:220-224.

Cystic Fibrosis Trust September  200212



3. IDENTIFICATION OF INFECTION

3.1  Obtaining and interpreting specimens

Properly collected and processed specimens of respiratory secretions are essential in determining
the appropriate use of antibiotics. Cough swabs are sensitive in detecting lower respiratory
infection with S. aureus and H. influenzae but some cultures are positive where the infection is
limited to the upper airways. Asymptomatic infections are not uncommon, particularly in
relatively well patients who are not chronically infected with P. aeruginosa. Cough swabs are less
sensitive and are also non-specific in detecting lower respiratory infection with P. aeruginosa.
However, it is reasonable to treat all patients from whom potential pathogens are isolated, and
who are not already chronically infected, with appropriate antibiotics, whether they are
symptomatic or not.

3.2  Sputum

If the patient can produce sputum, a specimen should be obtained at each routine clinic visit and at
the onset of an exacerbation of respiratory infection. In most cases, good sputum specimens
reliably indicate lower respiratory infection. In patients who are minimally productive, it is useful
to arrange for sputum pots to be available at home so that they can catch a specimen on the rare
occasions when they do expectorate. Pseudomonas and Burkholderia species can be cultured from
samples stored at room temperature for several days after collection; however, refrigeration is
preferable and, ideally, samples should be processed within 2 or 3 hours to maximise the chances of
isolating the full range of pathogens present.

When patients have difficulty producing a specimen, a physiotherapist may be successful in
encouraging expectoration of a small sample from the patient.

Vomit sometimes contains copious amounts of swallowed sputum and is a potential source of
respiratory secretions for culture.

Sputum production may be possible in non-productive, co-operative patients (generally aged over
5 years) by inhalation of hypertonic saline (4-6%). A specimen is usually obtained within a few
minutes of inhalation (Carswell et al, 1995 [IIb]; O’Byrne & Inman, 1996 [IIb]; DeBoeck et al, 2000
[IIb]; Ball et al, 2001 [IIb]; Sagel et al, 2001 [IIb]). Bronchodilators given prophylactically may
reduce the risk of transient bronchospasm as a result of the procedure.

3.3  Deep throat cough swab

A specimen should be obtained routinely at every clinic visit and at the onset of exacerbations of
respiratory illness from patients who cannot expectorate. Children can be trained from the age of
2 years to cough when the swab is placed in the oropharynx. An experienced nurse or
physiotherapist should collect these specimens, ideally after a physiotherapy session. Specimens
are more likely to grow a pathogen if taken during the course of a viral respiratory infection.  In one
series of children with CF, throat swabs positive for S. aureus or P. aeruginosa were highly
predictive of lower respiratory infection with these organisms but negative swabs may be
associated with the presence of organisms in the lower respiratory tract (Ramsey et al, 1991 [III]).
In another series in this age range, a negative throat culture was considered to be helpful in "ruling
out" lower airway infection with P. aeruginosa; however, a positive culture did not reliably "rule
in" the presence of P. aeruginosa in the lower respiratory tract (Rosenfeld et al, 1999 [III]).
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3.4  Laryngeal aspirates 

Laryngeal aspirates are obtained routinely at the Copenhagen CF Clinic from non-expectorating
patients, and antibiotics are prescribed based on the results of monthly cultures. The specimens are
obtained by passing a soft fine-bore suction catheter 8-10 cms into the nasopharynx. This stimulates
coughing and suction is continued for a few seconds before the tube is removed. Saline is sucked
through the tube into an attached collection chamber, which is sent for culture.

3.5  Bronchoalveolar lavage

The role of bronchoalveolar lavage is not yet firmly established. Experience suggests that
bronchoscopy might usefully detect lower respiratory tract infection with P. aeruginosa, and more
unusual pathogens, when there are worsening respiratory complications and negative culture results
from the upper respiratory tract (Ramsey et al, 1991 [III]; Armstrong et al, 1996 [III]; Rosenfeld
et al, 1999 [III]; Rosenfeld et al, 2001 [III]). In experienced hands it can be done as a day-case
procedure with minimal risk although there is the slight possibility of spreading infection within the
lungs (Connett et al, 1996 [III]; Ratjen et al, 2000 [III]).

3.6  Pseudomonas antibodies 

The presence of Pseudomonas antibodies may suggest that the bacterium is present within the
respiratory tract if the patient has cystic fibrosis (Pedersen et al, 1987 [III]; Elborn et al, 1993 [III]).
There is good correlation between positive respiratory cultures and raised antibody levels to
P. aeruginosa (Brett et al, 1986a [III]; Brett et al, 1986b [III]; Thanasekaraan et al, 1989 [III]; Pressler et
al, 1990 [III]). On the other hand, a normal antibody level suggests there has been no tissue invasion
by the P. aeruginosa and thus no immunological response.  In these circumstances, if cultures are
negative, it is very unlikely that P. aeruginosa is contributing to current respiratory problems. 

Usually antibody levels are normal when the first positive P. aeruginosa culture occurs (Brett et al,
1987 [III]; Brett et al, 1992 [III]; Cordon et al, 1992 [III]). In such patients eradication with
appropriate treatment is usually easily achieved. Regular monitoring of the Pseudomonas antibody
levels, in part, compensates for the low sensitivity of airway cultures for P. aeruginosa in patients
who do not produce much sputum. In patients with chronic P. aeruginosa infection the antibody
level is invariably raised and the level correlates with the severity of the chest involvement (Brett et
al, 1986a [III]). A rising antibody level indicates increasing tissue involvement and increasing
immunological response. Such rises will prompt more intensive treatment and can be used to plan
the long-term strategy e.g. frequency of courses of intravenous antibiotics (Pond et al, 1994 [III]).
Successful long-term regular intravenous antibiotic regimens are associated with stable or even
falling antibody levels. Certainly a rapidly rising level should encourage the clinician to start more
aggressive antibiotic treatment.

It is helpful to measure Pseudomonas antibodies at each Annual Review (Standards for the Clinical
Management of Children and Adults with Cystic Fibrosis. Cystic Fibrosis Trust, 2001 [IV]), at times
of early P. aeruginosa infection (Brett et al, 1992 [III]; Elborn et al, 1993 [III]) and at the start of  IV
antibiotic treatment of pulmonary exacerbations in chronically infected patients.  

Pseudomonas antibody tests can be arranged through either -
Dr. Ty Pitt, Laboratory of Hospital Infection, Central Public Health Laboratory,
61 Colindale Avenue, London NW9 5HT 
or
Dr. Jimmy Gooi, Department of Immunology, St James’s University Hospital,
Beckett Street, Leeds, LS9 7TF.
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4.ORAL ANTIBIOTICS IN CYSTIC FIBROSIS

It is particularly important, and possible, to either prevent, eradicate or control endobronchial
infection by S. aureus, H. influenzae and P. aeruginosa, the common pathogens in cystic fibrosis
(Elborn et al, 1996 [IV]). In the absence of appropriate antibiotic treatment, the abnormal
respiratory secretions of the infant with CF soon become sequentially infected with S. aureus
(Armstrong et al, 1996 [III]), H. influenzae and P. aeruginosa leading ultimately to death from
progressive respiratory failure.  Eradication of a particular organism is more easily achieved in the
early stages soon after the culture becomes positive and may be achieved by using an intravenous
antibiotic when the same drug given orally has failed – even though the organism appears to be
fully sensitive to the oral drug. 

4.1  Treatment of Staphylococcus aureus infection

Staphylococcus aureus is a significant pathogen in patients with cystic fibrosis. Positive respiratory
cultures are associated with an immunological response suggesting the presence of tissue infection
(Strandvik et al, 1990 [III]). Bronchoscopic cultures from untreated infants with CF identified by
neonatal screening were positive for S. aureus in 31% of cases by 3 months of age although not all
were symptomatic (Armstrong et al, 1996 [III]). Septicaemia (Aebischer et al, 2000 [IV]) and even
fatal chest infections due solely to S. aureus occur in patients with cystic fibrosis. Thus, it is sensible
to eradicate S. aureus from respiratory cultures even though the patient may appear well.

Aims. To prevent or eradicate S. aureus infection of the respiratory tract by the intermittent or
long-term use of an anti-staphylococcal antibiotic (e.g. flucloxacillin) from the time of diagnosis.

Evidence. Infants with CF treated with a long-term anti-staphylococcal antibiotic (cloxacillin) had
significantly fewer precipitins against S. aureus than had untreated infants (Lawson & Porter, 1976
[III]). Infants with CF identified by neonatal screening and treated with long-term flucloxacillin for
the first 2 years had less frequent cough (evident at 6 months and significant by 18 months), less need
for additional courses of antibiotic (3.7 versus 8.3 courses per year) and fewer positive respiratory
cultures for S. aureus (17% versus 60%). Also they had fewer days in hospital during the second
year (5 versus 19 days) and they were admitted for shorter periods (2.2 versus 6.4 days) (Weaver et al,
1994 [Ib]), although there was no difference in lung function (Beardsmore et al, 1995 [III]).

A US CF Foundation multicentre controlled trial of long-term cephalexin included 220 children less
than 2 years old with mild chest involvement; 209 started but only 119 finished. After 5 years,
although the treated children failed to demonstrate any significant clinical advantage, they had fewer
respiratory cultures positive for S. aureus (6% in the cephalexin group versus 30% of controls) but
more were positive for P. aeruginosa (25% of the cephalexin group versus 13% of controls) (Stutman
et al, 2002 [Ib]). The authors concluded that long-term anti-staphylococcal treatment was not
indicated. The trial was only published recently although the work was carried out in the early 1990s.

Others too have reported that prophylactic anti-staphylococcal treatment may increase the
incidence of P. aeruginosa, as was the case in the first placebo-controlled trial of cephalexin therapy
(Loening-Baucke et al, 1979 [Ib]). In Toronto, when prophylactic anti-staphylococcal therapy was
given to all patients (1970-79), the median age of onset of P. aeruginosa infection was 3.4 years; but
between 1980-89, when routine anti-staphylococcal treatment was abandoned, the mean age of
onset of P. aeruginosa infection increased to 5.9 years (Parekh et al, 1998 [III]). Evidence from the
German CF Registry also supports this finding (Ratjen et al, 2001a [III]).  However, the increase in
P. aeruginosa positive cultures is only of importance if early treatment of the organism, with a
combination of a nebulised antibiotic and an oral or intravenous antibiotic, is not clinic policy
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(Frederiksen et al, 1997 [IIb]). If there is no such policy of early anti-pseudomonal therapy – as is
the case in some US and Canadian clinics (Stutman, 1996 [IV]; MacDonald et al, 1996 [IV]) – the
possibility of causing an increased incidence of P. aeruginosa positive cultures is important because,
if not treated, these will lead to an increased prevalence of chronic P. aeruginosa infection. Both
long-term and intermittent flucloxacillin regimens would appear to be effective in preventing
chronic staphylococcal infection.

In clinics where effective early intensive intermittent or prophylactic anti-staphylococcal treatment
and early treatment of P. aeruginosa have been routine for some years, there is a very low
prevalence of both chronic S. aureus and P. aeruginosa infection (Connolly et al, 1995 [III];
Frederiksen et al, 1997 [IIb]; Lee et al, 2001 [III]).

The prevalence of chronic S. aureus infection differs widely among Specialist CF Centres and
Clinics, from less than 10%, where patients have been taking long-term flucloxacillin from
diagnosis (Southern et al, 1993 [III]; Littlewood et al, 1995 [III]), to over 90% by 5-9 years in
Milan, where no prophylaxis is prescribed (Padoan et al, 1996 [III]). 

Long-term prophylactic flucloxacillin is effective in preventing or reducing the incidence of
S. aureus infection and for the first 2 years of life reducing clinical symptoms and the need for
additional antibiotics (Weaver et al, 1994 [Ib]). The ideal duration of such long-term treatment has
not been determined; some clinics continue flucloxacillin indefinitely with no problems of toxicity
or resistance (Southern et al, 1993 [III]); others stop the flucloxacillin at 2 to 3 years of age
thereafter treating only when S. aureus is isolated from respiratory cultures (Szaff & Hoiby, 1981
[IV]). There is no published evidence that continuous anti-staphylococcal therapy is of benefit in
children over the age of 2 years (Smyth & Walters, 2002 [Ia]).

Alternatives. An alternative approach to long-term flucloxacillin from diagnosis is a 2-week
course of 2 appropriate antibiotics whenever S. aureus grows from respiratory cultures (Szaff &
Hoiby, 1981 [IV]). A practical problem with this approach is the poor correlation of the results of
upper respiratory tract cultures and those from bronchoalveolar lavage fluid (Ramsey al, 1991 [III];
Rosenfeld et al, 1999 [III]). However, it is unlikely that lower respiratory tract infections will go
untreated if all positive throat swabs are treated. The regimen works well in Copenhagen, and
chronic S. aureus infection is not a major problem there. However, all patients attend the clinic
every month and treatment is early and vigorous. In the UK – where many patients still only have
cultures performed every 2 or 3 months, or in the US, where some have even more infrequent
cultures – it is likely that S. aureus infection will go unrecognised and untreated in some patients;
the high prevelance of chronic S. aureus infection in many Specialist CF Centres and Clinics
(>40%) suggests that this does occur.

There are no recent published comparisons between flucloxacillin and other anti-staphylococcal
regimens e.g. erythromycin, cephalexin or azithromycin. These antibiotics should be as effective as
flucloxacillin for prophylaxis although some S. aureus are resistant to the macrolides erythromycin
and azithromycin and some to sodium fusidate. The acquisition of resistance to flucloxacillin (as in
methicillin-resistant Staphylococcus aureus [MRSA]) is very rare in the context of CF and does not
appear to develop as the result of its prolonged prophylactic use (Southern et al, 1993 [III]).
However, MRSA now accounts for some 20-40% of hospital S. aureus in the UK.

Macrolides in cystic fibrosis. Long-term use of some macrolides such as erythromycin and
azithromycin appears to have additional  beneficial anti-inflammatory effects in patients with CF
also infected with P. aeruginosa (Jaffe et al, 1998 [IV]; Wolter et al, 2002 [Ib]; Peckham, 2002 [IV];
Equi et al, 2002 [Ib]).  In a prospective randomised double blind placebo controlled study of

Cystic Fibrosis Trust September  200217



azithromycin 250 mg daily for 3 months in adults with CF, the azithromycin treated patients had
stable respiratory function, reduced mean C-reactive protein levels, fewer courses of intravenous
antibiotics and improved quality of life scores (Wolter et al, 2002 [Ib]).  A double blind randomised
controlled crossover trial of 6 months azithromycin 250 mg (<40 kg) or 500 mg (>40 kg) daily or
placebo in children more than 8 years old and with FEV1 <80%, showed significant benefit in those
taking the azithromycin (Equi et al, 2002 [Ib]).  Some clinicians are now using long-term
azithromycin in patients chronically infected with P. aeruginosa when their progress is
unsatisfactory.

Anti-staphylococcal therapy in CF has been the subject of a recent systematic review, which
supported its efficacy (McCaffery et al, 1999 [Ia]; Elborn, 1999 [IV]).

Suggested regimen for prevention and treatment of S. aureus
● All CF infants less than 2 years of age should receive long-term flucloxacillin from

diagnosis [B].

● Some clinics will treat all patients with permanent flucloxacillin from diagnosis whatever
their age. This should be the policy if there are problems with performing cultures every
month or 6 weeks and at times of respiratory infections. If S. aureus does not grow on regular
routine cultures after 2 years, an alternative regimen is to treat whenever a S. aureus positive
culture is obtained, giving a 2-week course of anti-staphylococcal antibiotics [C].

● If S. aureus grows while the patient is receiving flucloxacillin, consider patient adherence and
increase the flucloxacillin to 100 mg/kg/day and add a second oral anti-staphylococcal
antibiotic for 2 weeks (sodium fusidate, azithromycin, erythromycin or clindamycin). Check
cultures after 2 weeks treatment. If clear, continue long-term prophylactic flucloxacillin.
Check if the S. aureus is MRSA, which would be resistant to flucloxacillin [C].

● If cultures are still positive after 2 weeks of 2 antibiotics to which the organism is sensitive
continue treatment for another 4 weeks. Culture every week if possible. If the patient is unwell
and still growing S. aureus, give a course of 2 IV antibiotics (flucloxacillin or teicoplanin, with
gentamicin or clindamycin) before accepting permanent infection. Bronchoscopy should be
considered to exclude other organisms in the lower respiratory tract [C].

● If S. aureus remains even after a course of IV antibiotics continue with long-term
flucloxacillin (100 mg/kg/day) and also check patient’s adherence to treatment. Treat with
an additional anti-staphylococcal antibiotic whenever there is any increase in the symptoms
and signs and always try to include an anti-staphylococcal antibiotic with any subsequent IV
courses of treatment [C].

● If a pathogen other than S. aureus grows from patients receiving long-term flucloxacillin,
add a second appropriate antibiotic to cover the new pathogen but continue the
flucloxacillin [C].

4.2  Treatment of Haemophilus influenzae infection

The most common bacterial pathogen isolated from the respiratory cultures of young children with
CF, who are already on long-term anti-staphylococcal prophylaxis, is H. influenzae (Littlewood,
1993 [III]; Connolly et al, 1995 [III]). The organism is a significant pathogen in CF particularly
when present in high numbers (>106 CFU/g sputum) (Rayner et al, 1990 [III]) but the laboratory
can overlook the organism unless special culture methods are used (Bilton et al, 1995 [IV]). 
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Aim. To treat and eradicate H. influenzae infection and prevent chronic infection.

Evidence. There are no trials to demonstrate benefit from eradication of H. influenzae from
respiratory cultures in CF but the organism usually clears very quickly with appropriate therapy. It
is a known respiratory pathogen and repeated growth over prolonged periods in some patients
suggests that chronic infection can occur.

Suggested antibiotic use when H. influenzae is isolated
● If H. influenzae is isolated from acute or routine respiratory tract cultures at any time, even if

the patient is apparently asymptomatic, an appropriate antibiotic is given for one week [C].
Suggested antibiotics include amoxycillin, co-amoxiclav, a second-generation cephalosporin
or tetracycline (in adults only). Chloramphenicol is active but toxic. Most macrolides have
poor activity but azithromycin is more potent (see Pharmacopoeia Sections 9.4 and 9.5).

● Cultures should be repeated after treatment, as negative cultures suggest clearance; repeat
culture is essential if new symptoms persist [C]. If the cultures are still positive but the
patient is well, note sensitivities and give further 2 - 4 weeks of an oral antibiotic, relying on
weekly cultures to decide the length of treatments [C].

● If cultures are still positive after one month, the patient should have a 2-week course of IV
antibiotics (see Section 6 and Pharmacopoeia Section 9.5) [C].

● If new symptoms have not cleared, even though the culture is negative, or if the clinical
condition worsens at any time, a course of IV antibiotics is indicated. Bronchoscopy with
bronchoalveolar lavage may be helpful in children at this stage [C].

● If cultures remain positive despite intensive treatment or there are frequent recurrences of
H. influenzae positive cultures after courses of treatment, a long-term anti-H. influenzae
antibiotic should be considered, analogous to the use of anti-staphylococcal prophylaxis [C].

4.3  An antibiotic active against Haemophilus influenzae at times of colds 

The frequency of "colds" for which an additional antibiotic would be given has been recorded in
one UK Specialist CF Centre as between 1 and 10 per year, with an average of 2.7 (3.7 for young
children and 2.3 for those over 6 years) (Collinson et al, 1996 [III]). Interestingly infants with CF
receiving long-term flucloxacillin also required an additional 3.7 courses of antibiotic each year
(Weaver et al, 1994 [Ib]).

The difficulty in isolating the H. influenzae from CF sputum suggests that the organism is present
in some patients even though routine cultures are negative (Bilton et al, 1995 [IV]). The report of
additional bacterial infection in 20% of non-CF individuals who have viral upper respiratory
infections and their accelerated recovery when antibiotics active against H. influenzae are used
lends support to the practice (Kaiser et al, 1996 [IIb]).

Aim. To prevent additional H. influenzae infection at the time of viral respiratory infections.

Evidence. There are no trials in patients with CF to prove that giving an antibiotic active against
H. influenzae at the time of presumed viral upper respiratory infections prevents secondary
bacterial infection. However, there is a great deal of experience, both of clinicians, parents and
patients supporting the practice. 

Cystic Fibrosis Trust September  200219



Suggested practice with upper respiratory (presumed) viral infections
● With all colds start an oral anti-H. influenzae antibiotic (e.g. amoxycillin) after sending a

throat swab or sputum for culture; parents/patients should inform the Specialist CF Centre
or Clinic they have started treatment and sent a culture. A supply of an antibiotic, chosen on
the results of the patient’s previous culture results, can be given to keep at home for these
occasions. After 2-3 days the parent/patient should check with the hospital clinic for the
culture results. If the culture is positive, they should confirm that the organism is sensitive to
the antibiotic that has already been started; if not, they should change to an appropriate
antibiotic. Culture should be repeated after the course of antibiotics to confirm the absence
of pathogens [B].

● If new symptoms develop, e.g. a new cough, or a positive culture does not clear with
appropriate oral antibiotic treatment, a course of IV antibiotics should be considered even if
the patient appears otherwise well [C].

4.4  Treatment of early Pseudomonas aeruginosa infection

The success of early identification and treatment in preventing Pseudomonas
aeruginosa infection becoming established and chronic frequently determines
the patient’s future quality of life and long-term survival.

There is increasing evidence that prevention of chronic P. aeruginosa infection has important
beneficial effects for people who have cystic fibrosis. Those chronically infected with P. aeruginosa
have more respiratory symptoms and significantly worse general health, a more rapid decline of
their respiratory function (Kerem et al, 1990 [III]; Pamukcu et al, 1995 [III]), a more rapid
deterioration in their chest X-ray scores (Kosorok et al, 2000 [IIb]) and significantly worse survival
(Cystic Fibrosis Foundation, 1997 [IV]; Emerson et al, 2002 [III]). The age at onset of chronic
P. aeruginosa infection is a predictor of age at death (Frederiksen et al, 1998 [IIb]). 

Aim. To eradicate P. aeruginosa from the respiratory tract, thus avoiding the establishment of
chronic infection.

Evidence. Nebulised colistin alone was observed to eradicate early P. aeruginosa infection in some
patients (Littlewood et al, 1985 [IV]) as does nebulised tobramycin alone (Wiesemann et al, 1998
[Ib]; Ratjen et al, 2001b [III]). 

When 3 weeks of nebulised colistin was used in combination with oral ciprofloxacin, eradication of
P. aeruginosa was achieved in almost 80% of newly infected patients (Valerius et al, 1991 [Ib];
Frederiksen et al, 1997 [IIb]); a combination of inhaled tobramycin and colistin with oral
ciprofloxacin was also effective (Vazquez et al, 1993 [IIb]). 

A course of intravenous antibiotics alone was reported to eradicate P. aeruginosa in only 20 to 30%
of patients (Steinkamp et al, 1989 [III]; Brett et al, 1992 [III]) but some of these patients were
treated many months after the first positive cultures.  Intravenous antibiotics are more effective
than this if given very soon after the first isolation (Brett et al, 1992 [III]; Munck et al, 2001 [III]).
Recent experience from the Copenhagen CF clinic suggests that the time before reappearance of a
further P. aeruginosa positive culture can be increased from a median of 9 months to 18 months if
the nebulised colistin and ciprofloxacin are given for 3 months after the appearance of the first
positive culture (Frederiksen et al, 1997 [IIb]).  With this treatment regimen, combined with patient
segregation according to microbiological status, the probability of being free of chronic
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P. aeruginosa infection 7 years after the first isolation increased to above 80% (Frederiksen et al,
1999 [III]).

Management after the first respiratory culture is reported positive for P. aeruginosa
● Check the patient is not unwell and needing intravenous antibiotic treatment 

(see Section 6) [C].

● Repeat the respiratory culture [C].

● Check the Pseudomonas antibody level (see Section 3.6) [B].

● Start nebulised colistin and oral ciprofloxacin for 3 weeks; then repeat culture [A]. If the
repeat culture is negative no further colistin or ciprofloxacin is given. However, some clinics
advise continuing the colistin and ciprofloxacin for 3 months, which increases the median
time to recurrence from 9 to 18 months [B].

● For asymptomatic children less than 3 years old and those older children who cannot swallow
ciprofloxacin tablets, a liquid preparation of oral ciprofloxacin is available to give with the
nebulised colistin. If the ciprofloxacin cannot be tolerated, nebulised colistin can be given
alone in the first instance and may be successful in clearing the infection [C] as is inhaled
tobramycin alone [A].  However, some clinicians recommend a 2-week course of intravenous
antibiotics with the inhaled antibiotic if ciprofloxacin was not tolerated.  If there are new
symptoms or, if the culture does not clear in 3-4 weeks with nebulised colistin alone, continue
the colistin and give a 2-week course of intravenous ceftazidime and tobramycin; then
continue colistin for at least 3 months even if all cultures are negative for P. aeruginosa and
the antibodies are normal [C].

● Ensure that regular cultures are performed at least monthly and particularly if there is a viral
respiratory infection, when P. aeruginosa is more likely to be identified if present [B].

Subsequent respiratory cultures positive for P. aeruginosa
● Use the same regimen as for the first positive culture, but consider continuing nebulised

colistin alone or with oral ciprofloxacin for 3 months [C].

● If there are further recurrences continue ciprofloxacin for 3 months and permanently give
nebulised colistin. Also check patient’s adherence to the nebulised colistin treatment, also the
equipment and technique. Consider replacing the colistin with a nebulised preservative-free
preparation of tobramycin (TOBI). Both genomic finger printing of the organisms and
Pseudomonas antibody levels may be helpful in distinguishing between reinfection and
failure of eradication [B]. 

● If P. aeruginosa fails to clear with oral ciprofloxacin and nebulised colistin, a course of
2 intravenous anti-pseudomonal antibiotics should be given. The nebulised antibiotic should
be continued during the IV treatment [C]. 

● If P. aeruginosa persists after the intravenous and nebulised antibiotic treatment, a long-term
nebulised anti-pseudomonal antibiotic (colistin) should be continued. Preservative-free
tobramycin (TOBI) could be considered in those patients where treatment has recently
failed to eradicate the organism and regular 3-monthly courses of intravenous antibiotics
started [C].
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4.5  Courses of oral ciprofloxacin in patients chronically infected with Pseudomonas
aeruginosa with increasing signs and symptoms or colds

In patients chronically infected with P. aeruginosa it is common practice to prescribe a 2-week
course of ciprofloxacin, rather than an anti-H. influenzae drug, for colds or mild exacerbations so
as to prevent more serious exacerbations and avoid the need for intravenous treatment. 

Aim. To treat respiratory exacerbations in patients chronically infected with P. aeruginosa, which is
sensitive to the drug and return them to a stable state.

Evidence. There is some evidence that such patients improve more rapidly than expected by chance
after starting oral ciprofloxacin – however, regular courses of ciprofloxacin have shown little
benefit in chronically infected adults (Sheldon et al, 1993 [Ib]).

Suggested use of oral ciprofloxacin with colds and early exacerbations
● A 2 week course of ciprofloxacin should be given to patients with CF who are chronically

infected with P. aeruginosa at times of upper respiratory infections at the first sign of an
increase in symptoms and signs of their chest infection [A]. 

● These patients will usually be taking a regular nebulised anti-pseudomonal antibiotic, which
should be continued [C].
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5. NEBULISED ANTIBIOTICS

5.1 Introduction

During childhood and adolescence the majority of patients with cystic fibrosis become first
colonised, then chronically infected, with P. aeruginosa. Acquisition of this organism is associated
with a worse prognosis (Wilmott et al, 1985 [III]; Kerem et al, 1990 [III]; Pamukcu et al, 1995 [III];
Cystic Fibrosis Foundation, 1997 [IV]; Frederiksen et al, 1997 [IIb]; Kosorok et al, 2000 [III];
Emerson et al, 2002 [III]).

Regular courses of intravenous antibiotics have improved survival by reducing sputum load and
maintaining pulmonary function but they interfere with the activities of daily living. The
prescription of nebulised antibiotics for home use by patients with CF is increasing. However,
experienced physicians working in Specialist CF Centres have shown considerable variability in
their prescribing practices for nebulised antibiotics (Taylor & Hodson, 1993 [IV]; Littlewood et al,
1993 [IV]) despite the fact that published evidence supports their effectiveness (Mukhopadhyay et
al, 1996 [Ia]; Ryan et al, 2002 [Ia]).

5.2  Clinical Indications
5.2.1  Delay or prevention of chronic infection with Pseudomonas aeruginosa

Evidence. Chronic infection is defined as the regular culture of P. aeruginosa from the sputum or
respiratory secretions, on 2 or more occasions extending over 6 months or a shorter period if
accompanied by a sustained rise in anti-Pseudomonas antibodies (Brett et al, 1992 [III];
Pseudomonas aeruginosa Infection in People with Cystic Fibrosis. Cystic Fibrosis Trust, 2001 [IV]).
The introduction of nebulised colistin or tobramycin at the time of initial colonisation with
P. aeruginosa may reduce and delay chronic colonisation (Littlewood et al, 1985 [IV]; Valerius et al,
1991 [Ib]; Wiesemann et al, 1998 [Ib]; Ratjen et al, 2001 [III]). In an uncontrolled trial, where
nebulised colistin was given to 7 children with CF at time of first isolation of P. aeruginosa, the
frequency of positive cultures for P. aeruginosa was reduced from 46% to 6% (Littlewood et al,
1985 [IV]). In a controlled prospective study, a combination of colistin and oral ciprofloxacin
initiated at time of initial colonisation with P. aeruginosa, prevented or delayed chronic infection
for 18 months (Valerius et al, 1991 [Ib]). A further study by the same group has confirmed their
findings and suggested that persistent infection with P. aeruginosa could be delayed for even longer
(Frederiksen et al, 1997 [IIb]). When 80 mg tobramycin was inhaled twice-daily for 12 months,
P. aeruginosa was eradicated from 14 of 15 patients and Pseudomonas antibody levels reduced to
zero (Ratjen et al, 2001 [III]).

These results suggest a definitive role for the introduction of nebulised antibiotics when
P. aeruginosa is first isolated from sputum or throat swab. 

Prophylactic use of inhaled gentamicin is reported to delay the acquisition of P. aeruginosa
infection and decrease disease progression in children with cystic fibrosis. Between 1986 and 1999
all 28 patients with CF at risk of acquiring P. aeruginosa infection received inhaled gentamicin for a
minimum of 3 years (80 mg bd for those <12 months; 120 mg for those >12 months).  None of the
12 patients who continued the treatment throughout the whole study period developed
P. aeruginosa infection but 7 of the 16 patients who discontinued the treatment for one reason or
another developed chronic P. aeruginosa infection (Heinzi et al, 2002 [IV]).

Recommendation
● See Section 4.4 for treatment of early P. aeruginosa.
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5.2.2  Prevention of clinical deterioration in patients chronically infected with Pseudomonas
aeruginosa

Evidence. Regular nebulised antibiotics have been used to reduce the rate of deterioration of
respiratory function in patients chronically infected with P. aeruginosa. An early controlled trial
compared twice-daily nebulised 80 mg of gentamicin and 1 gm of carbenicillin against placebo
(Hodson et al, 1981 [IIb]). In the study group that received the active drugs for 6 months, there was
a reduction in hospital admissions for infective exacerbations and pulmonary function was
maintained. Nebulised treatment was cost-effective because of the reduced hospital costs. 

A double blind placebo controlled study of twice-daily inhalations of 1 million units of colistin in
patients chronically infected with P. aeruginosa showed the treatment was superior to the placebo
in terms of significantly better symptom scores, maintenance of respiratory function and
inflammatory parameters (Jensen et al, 1987 [Ib]).

In a recent randomised crossover study 71 patients with CF received 1 month of placebo and
1 month of high dose nebulised tobramycin (600 mg/day) (Ramsay et al, 1993 [Ib]). The high dose
of tobramycin was used to increase the bactericidal dose of antibiotic in the sputum against
tobramycin-sensitive P. aeruginosa. There was a significant improvement in pulmonary function
and a reduction of P. aeruginosa in the sputum. Bacterial resistance patterns were similar during the
active and placebo part of the drug study. No ototoxicity or nephrotoxicity was observed. 

These results suggest high-dose nebulised tobramycin is clinically effective, safe and does not
rapidly promote bacterial resistance.

The same group undertook a large phase III trial including 520 patients, of whom 464 completed
the trial. The patients took 300 mg of preservative-free, non-pyrogenic sterile tobramycin (TOBI)
twice-daily during alternate months. The treated patients had improved pulmonary function,
decreased sputum P. aeruginosa density, reduced hospitalisations and reduced use of other anti-
pseudomonal antibiotics. Treatment with the preservative free tobramycin 300 mg twice-daily was
associated with increased tobramycin mean inhibitory concentrations (MICs) at the end of the
study in 15% of the treated, compared with 3% of the placebo patients (Ramsay et al, 1999 [Ib];
Burns et al 1999 [III]).  Adolescent patients appeared to respond particularly well and after
92 weeks of the alternate month therapy with preservative free tobramycin the treated patients
showed FEV1 improvements of 14.3% compared with 1.8% for controls (Moss, 2002 [Ib]).

In the UK, in a comparative study of 1 month’s twice-daily nebulised 300 mg of preservative free
tobramycin (TOBI) and 1 mega unit of nebulised colistin sulphomethate sodium (Colomycin)
both treatments reduced the bacterial content of the sputum significantly and increased the FEV1
of the two groups by 6.7% and 0.37% respectively (Hodson et al, 2002 [IIb]; Govan, 2002 [IIb]).
At present colistin sulphomethate sodium (Colomycin) and preservative free tobramycin (TOBI)
are the only 2 antibiotics licensed in the UK for nebulisation in people with cystic fibrosis.

A meta-analysis review of five randomised controlled trials (Mukhopadhyay et al, 1996 [Ia]) and a
Cochrane review (Ryan et al, 2002 [Ia]) confirmed the benefit for nebulised anti-pseudomonal
antibiotic therapy for patients with CF who have chronic P. aeruginosa infection and there were no
demonstrable serious adverse effects.

Although there is no evidence to suggest that nebulised antibiotics used as an adjunct to a course of
intravenous antibiotics augment clinical improvement in chronically infected patients (Stephens et
al, 1983 [IIb]), intravenous tobramycin and ticarcillin plus inhaled tobramycin resulted in
temporary eradication of P. aeruginosa in 63% of patients compared to 25% in the intravenous
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only group.  Also the  addition of nebulised amikacin to a regimen of intravenous amikacin and
ceftazidime transiently eradicated P. aeruginosa from the sputum (as evidenced by negative
cultures) in 70% of patients and in 41% of those receiving only intravenous therapy (Schaad et al,
1987 [Ib]). 

Nebulised antibiotics are not a suitable alternative to intravenous antibiotics for infective
exacerbations. 

Recommendations for patients chronically infected with Pseudomonas aeruginosa
● All patients who are chronically infected with P. aeruginosa should be considered for regular

nebulised anti-pseudomonal antibiotic treatment [A]. 

● Initially colistin should be given [B].

● If colistin is not tolerated or clinical progress is unsatisfactory, preservative free tobramycin
(TOBI) should be used [C].  Although  the standard intravenous tobramycin preparation,
and also intravenous gentamicin, have  been widely used for inhalation by people with CF in
the UK for over 20 years without major problems, neither preparation is licensed for
inhalation and it is advisable to use the preservative free preparation of tobramycin (TOBI),
which is licensed for inhalation in cystic fibrosis. Phenol-free tobramycin is available for IV
use and is the recommended preparation if it is decided to prescribe tobramycin for
inhalation other than in the form of TOBI [C]. 

5.3  Assessment and administration

Patients should be carefully assessed before treatment with nebulised antibiotics. Hypertonic
solutions may cause bronchospasm and the severity is usually related to the hypertonicity of the
solution.  Bronchodilators should be given before the antibiotic (Dodd et al, 1997 [III]);
bronchoconstriction usually occurs immediately after the administration of the antibiotic
(Madison et al, 1994 [III]).  A mouthpiece is preferable to a mask to maximise pulmonary
deposition (Everard et al, 1993 [III]) although small children below 3 years will usually require a
mask held firmly on the face (Everard et al, 1992 [III]). Relaxed tidal breathing through the mouth,
not the nose, is ideal (Newman et al, 1988 [III]). 

Recommendations
● A recent sputum culture should be used to determine which antibiotic to prescribe, with the

choice based on the observed susceptibility patterns [A].

● Each patient should be given a hospital-supervised dose after chest physiotherapy [B].

● Spirometry should be performed before and immediately after the administration of the test
dose of nebulised antibiotic. Small children should be observed for audible wheeze, cough or
distress and the chest checked for bronchospasm with a stethoscope [B].

● Antibiotic solutions used for nebulisation should not be hypertonic and a bronchodilator
should precede the nebulised antibiotic.  Maximal bronchoconstriction to nebulised
antibiotics usually occurs immediately after administration. Bronchoconstriction is usually
related to hypertonicity of the solution [B].

● Nebulised antibiotics should be taken after physiotherapy and bronchodilators to ensure
maximum deposition and protection from bronchoconstriction [B].
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● A mouthpiece is preferable to a facemask to maximise pulmonary deposition [B]. Small
children below 3 years old and babies will usually require a mask held firmly on the face [C].

● Relaxed tidal volume breathing through the mouth and not the nose is ideal [B]. A nose clip
will increase the efficiency of delivery to the lungs in some patients but is not popular in
practice and is not used by the majority [B].

● Adherence to treatment should be checked after a period of home use. Irregular usage is not
recommended and is a reason for stopping treatment [C].

5.4  Distribution of nebulised antibiotic in the lung

Overall, about 10% of a nebulised drug is delivered to the lungs. A study in volunteers and
5 mechanically ventilated patients who received 300 mg of nebulised tobramycin found 5.5% of the
initial dose was excreted in the urine of both groups. A piece of normal lung removed at
thoracotomy showed mean lung tissue tobramycin concentrations of 5.5 ug/g and 3.61 ug/g of lung
tissue at 4 and 12 hours (Le Conte et al, 1993 [III]).

Systemic absorption of nebulised aminoglycosides does occur in patients but the amount absorbed
is small at 0.5% of the dose given (Smith et al, 1989 [III]).

Although the concentration of aerosolised antibiotic in bronchial secretions may not always achieve
bactericidal levels with the currently used doses and in the presence of pulmonary abscesses,
sublethal concentrations may diminish bacterial virulence factors (Geers et al, 1987 [IIb]). 

5.5  Antibiotic choice and formulation

The polymyxin antibiotic colistin (Colomycin) and the aminoglycosides tobramycin and
gentamicin are the most commonly prescribed nebulised antibiotics in the UK. Colistin
(Colomycin) and the preservative-free preparation of tobramycin (TOBI) are currently the only
antibiotics licensed in the UK for inhalation. Tobramycin has greater activity than gentamicin
against P. aeruginosa. Colistin has excellent anti-pseudomonal activity and although resistance has
been reported it is very rare and is usually less of a problem than with aminoglycosides (Govan,
2002 [IIb]). Burkholderia cepacia is always resistant to colistin.

Recommendations
● Colistin is the drug of first choice for nebulised use [C].

● Tobramycin is preferable to gentamicin for chronic Pseudomonas aeruginosa infection [B].
Preservative free tobramycin should be used and the licensed preparation (TOBI) should be
used where possible. Phenol-free tobramycin is available for IV use and is the recommended
preparation if it is decided to prescribe tobramycin for inhalation other than in the form of
TOBI [C]. 

● Nebulised antibiotics are prescribed twice a day for home use [B].

5.6  Antibiotic safety

Resistance 
Concern has been expressed that bacterial resistance will develop with the administration of
sublethal twice-daily doses of aerosolised antibiotics. Bacterial resistance does occur but is often
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intermittent and adaptive and not related to clinical deterioration (Hodson et al, 1981 [Ib]; Barclay
et al, 1996 [III]). There is no confirmatory evidence that the use of nebulised antibiotics in the
presence of resistant bacteria leads to increased colonisation of the bronchial tree with these
resistant organisms. Burkholderia cepacia is always resistant to colistin, which should not be used if
the species is the sole sputum pathogen. There is no published literature on the use of nebulised
antibiotics for Burkholderia cepacia. A recent randomised double blind controlled trial of
nebulised taurolidine (4 ml of 2% solution twice-daily) in adults with cystic fibrosis reduced
sputum volume and viscosity but did not alter B. cepacia counts or improve spirometry (Ledson
et al, 1998 [Ib]).

Recommendation
● Colistin should not be used if B. cepacia is the sole pathogen in the sputum [C].

Environmental safety 
Concern has been expressed that the liberal use of nebulised antibiotics may be a health hazard to
medical personnel and constitute a threat to the hospital and home environment. Occasionally
members of staff caring for patients using nebulised antibiotics have experienced cutaneous rashes
and bronchoconstriction. It has been suggested that polluting the hospital atmosphere may lead to
the establishment of resistant organisms particularly on intensive care units. There is no published
evidence to support this concern. Patients often stop their nebulised antibiotics when they are
receiving intravenous antibiotics although these should be continued if an attempt is being made to
eradicate a recent early P. aeruginosa infection e.g. when oral ciprofloxacin and nebulised colistin
have failed. At home, patients should nebulise their antibiotics in a separate room. They do not
need to vent their exhaled antibiotics for safety reasons, although they may wish to do so to
eliminate the odour. 

Recommendations
● In hospital, a nebuliser should be fitted with a high efficiency breathing filter on the

expiratory port, to prevent environmental contamination [C].

● It is advisable for patients to receive nebulised antibiotics in a separate area from other
patients [C].

● If the patient has a sibling with cystic fibrosis the use of a filter is mandatory [C].

● Mothers with CF who have young children should use a filter when nebulising antibiotics [C].

Patient Safety
The respiratory side effects of aerosolised antibiotics are mainly limited to bronchoconstriction at
time of delivery. Cutaneous rashes are rare but may occur with nebulised drugs. A sore mouth may
be due to Candida albicans infection although the incidence is not known. 

During pregnancy intravenous aminoglycosides cross the placenta. In people with CF repeated
courses of high dose intravenous aminoglycosides have been associated with deafness and renal
damage (McRorie et al, 1989 [IV]) but these side effects have not been reported with nebulised
therapy. 

Recommendations
● If a facemask is used the face should be washed after nebulisation [C].

● Nebulised antibiotics should be prescribed with caution during pregnancy but, on the
available evidence, they are not contra-indicated [C].
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Nebulisers may act as a source of bacterial contamination (Pitchford et al, 1987 [IV]; Hutchinson et
al, 1996 [III]). Nosocomial acquisition of B. cepacia has been associated with the use of humidifiers
and nebulisers (Burdge et al, 1993 [III]). Respiratory equipment has been implicated as the source
of spread of B. cepacia in immunosuppressed patients (Yamagishi et al, 1993 [III]). Incorrect care of
a nebuliser/compressor system may result in an inefficient system for drug delivery and a potential
hazard to the patient and environment.

Recommendations
● Patients should clean and thoroughly dry their nebulisers after every use. Some types of

nebuliser can be placed in a dishwasher [B]. 

● Patients infected with B. cepacia who are taking other nebulised drugs should have their
own compressors and these should not be used subsequently by other patients [B].

● An electrical compressor should have an inlet filter, which should be changed every
3 months [C]. 

● There should also be a bacterial filter in line to prevent the patient receiving contaminants
from the compressor. These filters should be changed annually or between patients [C]. 

● Hospitals issuing nebuliser/compressor systems should arrange for their regular servicing.
Patients who have been required to purchase their own nebuliser compressor systems should
have their equipment serviced by the hospital where they attend for their CF care [C]. 

5.7  Antibiotic delivery

Antibiotics are available as solutions or powder. They are reconstituted as a solution using saline or
water as a diluent to a volume of 4 ml  (2.5 ml for a low residual volume nebuliser). 

Nebulisation should take no longer then 10 minutes in order to ensure maximum compliance. The
requirements of a system for aerosolising antibiotics may differ from those required for other
solutions.

Recommendations
● To prepare isotonic solutions of colistin suitable for nebulisation [B]

2 megaunits in 4.0 ml -> add 2 ml water + 2 ml of normal saline
2 megaunits in 2.5 ml -> add 1.5 ml water +1 ml normal saline
2 megaunits in 3.0 ml -> add 2 mls water +1 ml normal saline
For children the following are suitable
1 megaunit + 1 ml water + 1 ml saline
1 megaunit + 1 ml water + 2 ml saline

● Details of drugs and dosages are presented in Section 9. For adults: colistin 2 megaunits
twice-daily. For preservative tobramycin (TOBI) 300mg twice-daily on alternate months
for all patients over 6 years of age [A].  If the phenol-free IV preparation of tobramycin is
used a suitable dose is 80-160 mg twice-daily. [C].
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5.8  Recommended nebuliser-compressor systems for antibiotics

The following are recommended
● Use an active venturi nebuliser (breath assisted) e.g. Ventstream or Pari LC Plus with a

compressor producing a flow rate of 6 litres per minute. If unacceptably long, the nebulisation
time can be reduced for patients with low inspiratory flow [B].

● Patients provided with high flow compressors (more than 8 litres per minute) should use an
active venturi nebuliser [B].

● The Pari LC Plus is recommended for the administration of preservative free tobramycin
(TOBI) [A]. 

Continuous innovative improvements are taking place to meet patient requirements; one such is
the Adaptive Aerosol Delivery System (AAD) (Profile Respiratory Systems [Medic-Aid Ltd]),
Heath Place, Bognor Regis, West Sussex PO22 9SL) which targets antibiotic delivery to the first
part of the respiratory cycle. A recent multicentre trial compared the use of the AAD and
conventional high output nebuliser system in 259 patients with cystic fibrosis. The AAD was
preferred by patients, increased their adherence to treatment and resulted in more doses being
taken to an acceptable level. It was suggested that the increased chest tightness observed after
inhalation of colistin using the AAD might have been due to more successful delivery to the lungs
(Marsden et al, 2002 [Ib]; Dodd et al, 2002 [Ib]; Conway et al, 2002 [Ib]). The use of bronchodilator
solution in patients using AAD with colistin had a positive effect on maintaining both short and
long-term FEV1, as opposed to bronchodilator via a metered dose inhaler or dry powder inhaler
(Dodd et al, 2002 [Ib]). In another study, using the AAD system, colistin in doses up to 2 mega
units dissolved in 2 ml of normal saline was well tolerated (Adeboyeku et al, 2001 [Ib]).
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6. INTRAVENOUS ANTIBIOTICS

6.1 Indications for intravenous antibiotic therapy

Appropriate and early use of intravenous antibiotic therapy has been one of the main factors
responsible for the improved prognosis for patients with cystic fibrosis (Wood & Piazza, 1988 [III]).

Intravenous antibiotics are used in the following circumstances –

● To eradicate early P. aeruginosa infection when combined oral and nebulised treatment has
failed or is inappropriate.

● To treat new but mild respiratory symptoms and signs that have failed to clear with oral
antibiotic therapy.

● To treat a respiratory exacerbation.

● As routine treatment for 2 weeks every 3 months of patients with chronic P. aeruginosa
infection.

6.2  Eradication of early Pseudomonas aeruginosa infection

Aim. To delay and possibly prevent chronic P. aeruginosa infection by intensive treatment of the
early infection.

Evidence. The Copenhagen CF Centre reported clearance of 80% of early infection P. aeruginosa
infections with 3 weeks treatment with oral ciprofloxacin (250-750 mg twice-daily) and nebulised
colistin (1 megaunit twice-daily) (Valerius et al, 1991 [Ib]). This protocol has been modified to a
3-month course of ciprofloxacin (25-50 mg/kg/day) and nebulised colistin (2 megaunits 3-times-
daily) (Frederiksen et al, 1997 [IIb]). This prolongs the interval from eradication to reinfection
from 9 to 18 months. 

There are no data on the efficacy of intravenous antibiotics in eradicating P. aeruginosa infection
from patients if 3 months of combined oral and nebulised therapy has failed to do so, yet clinical
experience suggests that it may be successful in some patients.

Alternatives. When 3 weeks of oral ciprofloxacin and nebulised colistin have failed to eradicate
early P. aeruginosa infection, it is reasonable to try a 2-week course of intravenous anti-
Pseudomonal antibiotics and nebulised colistin as a more intensive and aggressive assault on this
damaging pathogen. Intravenous antibiotics without nebulised colistin are reported to achieve
successful eradication of P. aeruginosa infection in only 20% of patients (Steinkamp et al, 1989 [IV])
although many of these patients were not treated soon after the first positive culture and had been
infected for a mean of 5 months (range 1 to 11 months).  However,  IV treatment alone in patients
newly infected with P. aeruginosa is reported to have a high success rate (Munck et al, 2001 [III]).

Continuing the nebulised colistin for 12 months and carefully monitoring respiratory cultures, and
(ideally) pseudomonal antibody levels, can prolong successful eradication. Any subsequent isolate
could be treated with a further course of combined oral ciprofloxacin and nebulised colistin
followed by intravenous antibiotic therapy with the nebulised colistin where the P. aeruginosa
persists.
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Children under 3 years could be started on nebulised colistin or tobramycin alone as both these are
effective in eradicating early P. aeruginosa in many patients (Littlewood et al, 1985 [IV]; Weisemann
et al, 1998 [Ib]; Ratjen et al 2001 [III]). If the cultures remain positive after 2 to 3 weeks, a course of
intravenous antibiotics should be added to the nebulised colistin.

No patient should be allowed to develop chronic P. aeruginosa infection without having a trial
of ciprofloxacin and nebulised colistin and, if this fails, a course of intravenous antibiotics and
nebulised colistin. If this latter regimen fails the patient should continue with regular twice-daily
nebulised colistin and have regular 2-week courses of intravenous antibiotics every 3 months or
whenever respiratory symptoms and signs worsen. In a few patients the P. aeruginosa infection will
clear and the pseudomonal antibodies will return to normal if they were raised.

Recommendations
● Regular respiratory cultures, should be performed every 4 to 8 weeks and at times of increase

in respiratory symptoms [C]. 

● At the first positive P. aeruginosa culture patients 3 years and older should receive 3 weeks of
oral ciprofloxacin and nebulised colistin. Some clinicians would now continue the
ciprofloxacin and colistin for 3 months even after the first episode of positive culture and
even if the culture becomes negative at 3 weeks [B].

● Patients under 3 years should start nebulised colistin but, if the organism is not eradicated in
3 weeks, a course of intravenous antibiotics should be added to the nebulised treatment even
if the patient appears well. Nebulised colistin and ciprofloxacin suspension is an alternative
regimen for children under 3 years old and has been used without problems (see also Section
4.4) [B]. Some clinicians would recommend a course of IV antibiotics with the nebulised
colistin at the first positive culture [C].

6.3  Changes in clinical condition

Aim. To eradicate or stabilise pulmonary infection and prevent or minimise pulmonary damage.

Evidence. Anything other than an occasional mild cough in a child with CF indicates worsening of
the respiratory infection. 

The very early resort to intravenous antibiotic therapy to reverse new respiratory symptoms is
one of the most important features of modern management. 

The readiness to use IV antibiotics at an early stage of new symptoms, even when the patient is
clinically well, differs considerably between Specialist CF Centres and CF Clinics being most
commonly employed at Specialist CF Centres whose patients’ respiratory function and nutrition
lie within the upper quartiles (Wohl et al, 1998 [III]). In a previous study of US CF Centres, more
frequent clinic attendances and more frequent use of intravenous antibiotics were associated with a
much-improved survival (Wood & Piazza, 1988 [III]).

Recommendations 
● Even a mild cough, not previously present, should be treated with oral antibiotics covering

infection with S. aureus, H. influenzae, Streptococcus pneumoniae, and, if appropriate,
P. aeruginosa [B]. 

● A persistent cough not responding to supplementary oral antibiotic therapy is an indication
for intravenous antibiotic treatment [C].
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● If the cough and respiratory symptoms fail to respond to seemingly appropriate therapy,
bronchoscopy and bronchoalveolar lavage should be considered and treatment altered, as
appropriate to the lavage culture results (see also Section 3.5) [B].

6.4  Treatment of an acute exacerbation

There is no universally agreed definition of a respiratory exacerbation. Most physicians will look
for at least 4 of the following:

- increased productive cough or breathlessness
- changes in the appearance or volume of sputum
- new signs on auscultation
- new chest radiograph signs
- loss of appetite
- fall in respiratory function
- fever. 

The most informative sign in patients old enough to perform respiratory function tests may be a
fall of 10% or more from the base-line FEV1 or FVC, plus increased severity of two or more lower
respiratory tract symptoms (Pond & Conway, 1996a [III]).

Evidence. Pseudomonal antibody levels and various inflammatory markers can be used as
indicators for intravenous treatment. In some patients the immunological response to new
P. aeruginosa infection occurs very early, ocassionally before the organism can be reliably isolated
(Brett et al, 1988 [III]; Brett et al, 1992 [IIb]). Antibody levels correlate well with the severity of the
chest infection (Hoiby et al, 1977 [IIb]; Brett et al, 1986 [IIb]). They can be used as indicators for
intravenous antibiotic treatment and for the frequency and intensity of such treatment, rising levels
being early markers of worsening infection (Pond et al, 1994 [III]). Falling antibody levels are
associated with clinical improvement (Brett et al, 1992 [IIb]).

Recommendations 
● There should be a low threshold of concern for starting intravenous antibiotic treatment [B].

● Intravenous antibiotic treatment should continue for a minimum of 10 days. Early treatment
can prevent permanent loss of lung function, both in the short and intermediate term (Pond
& Conway, 1996b [III]) [B].

● Pseudomonal antibody levels should be measured each year as part of the Annual Review
also when P. aeruginosa is first isolated, and prior to treatment of an exacerbation in
chronically infected patients. The results provide additional information to the cultures for
the early detection of new P. aeruginosa infection and the early institution of therapy
directed at its eradication [B].

● Rising Pseudomonal antibody levels in patients with established infection should be
interpreted as an indication for intensifying treatment (Pond et al, 1994a [III]) [B].

6.5  Elective three-monthly intravenous antibiotic therapy

Aim. To minimise any deterioration in clinical status resulting from chronic P. aeruginosa
infection.

Evidence. It is recognised that clinical improvement is associated with a decrease in sputum
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P. aeruginosa density (Smith et al, 1988 [III]; Regelman et al, 1990 [III]). In chronically infected
patients, lung function gradually returns to pre-treatment levels within 1 to 3 months following a
course of intravenous anti-pseudomonal antibiotic treatment. It seems logical to treat with
antibiotics at regular intervals. At the Copenhagen CF Centre, following the introduction of a
policy of regular 3-monthly intravenous antibiotic treatment, the 5-year survival of chronically
infected patients increased from 54% to 82% (Szaff et al, 1983 [III]; Jensen et al, 1989 [III];
Frederiksen et al, 1997 [III]).

The positive effect on lung function must be set against the disruption of patients’ lifestyles and the
heightened risk of hypersensitivity reactions and of bacterial antibiotic resistance (Pedersen et al,
1986 [III]; Mouton et al, 1993 [IV]; Ciofu et al, 1994 [IV]). Home intravenous antibiotic
programmes may counter the former concern. Resolution of the latter relies on time-consuming
desensitisation procedures and the development of new anti-pseudomonal antibiotics, which are
unlikely to be available in the next 10 years.

A 3-monthly IV antibiotic regimen has been adopted by a number of other Specialist CF Centres,
although its value has not been established by a satisfactory controlled trial. In a recent study of
adults with CF in the UK comparing 3-monthly and elective IV antibiotics, no advantage was
apparent for those having regular 3-monthly treatment: in fact their mortality was slightly
increased (Elborn et al, 2000 [Ib]). However, the numbers were small and the study generally
regarded as underpowered; also patients in the elective group had no fewer than 3 courses of
treatment per year, only 1 less than the patients receiving 3-monthly treatments. 

A recent Cochrane Review concluded that the available studies were insufficient to identify
conclusive evidence favouring a policy of elective intravenous antibiotic administration, despite its
widespread use (Breen & Aswani, 2002 [Ia]). 

A trial of regular IV therapy in patients starting soon after the onset of chronic P. aeruginosa
infection is required rather than in those with advanced lung disease.

Recommendations 
● The potential advantages and disadvantages of routine elective intravenous antibiotic

treatments should be explained to and discussed in detail with all parents/patients before
deciding whether they are to have regular elective or ‘on demand’ intravenous treatment [C].

● Patients who have measurable deterioration in respiratory function between courses of IV
antibiotics despite regular treatment, including nebulised antibiotics, should be considered
for 3-monthly treatment [B].

● Those who are chronically infected, but whose condition and respiratory function are usually
stable for prolonged periods on routine treatment (including regular inhaled antibiotics),
could be treated with IV antibiotics only when they have a respiratory exacerbation [B].

6.6  Choice of antibiotic

Aim. The primary aim is to achieve the most effective and least toxic treatment. Secondary aims are
to reduce the likelihood of bacterial resistance and use the most cost-effective regimen.

Evidence. Two antibiotics should be used to reduce the risk of the development of antibiotic
resistance, which has been associated with monotherapy and epidemic spread (Cheng et al, 1996
[III]). Although a meta-analysis of single versus combination antibiotic therapy did not

Cystic Fibrosis Trust September  200237



demonstrate significant differences in the clinical response to the 2 regimens, single therapy was
associated with an increase in the number of patients with resistant strain of P. aeruginosa at the 2 to
8 weeks follow-up (Elphick & Tan, 2002 [Ia]). Combination antibiotic therapy is used, as in vitro
studies have demonstrated a synergistic effect of a β-lactam and an aminoglycoside against
P. aeruginosa isolates, even when there is resistance to an individual drug (Stratton & Tansk, 1987
[III]; Weiss et al, 1995 [III]). Although there have been many comparative short-term studies of
different antibiotics, the most frequently used combination is ceftazidime and tobramycin. In
adults with CF piperacillin/tazobactam plus tobramycin has been reported as effective treatment
for infective exacerbations (Masterton et al, 2000 [IIb]). Because of the rapid clearance of drugs the
antibiotic dose is high. There have been no health economic studies assessing the cost: benefit ratio
of the more expensive intravenous antibiotics e.g. meropenem.

Recommendations
● Two antibiotics should be used in combination for a course of intravenous therapy [B].

● The antibiotics should have a different mechanism of action e.g. an aminoglycoside and a 
β-lactam [B].

● The choice of antibiotic is determined by the sensitivity of the cultured P. aeruginosa. The
growth of multiple strains or variants of Pseudomonas with different resistance patterns and
other resistant bacteria such as B. cepacia and Stenotrophomonas maltophilia may confound
this choice. However, each patient will have a portfolio of previous sputum or throat swab
cultures, and effective antibiotics should be chosen for the sensitivity pattern of the most
resistant organism [C].

● The optimum frequency of antibiotic delivery is currently debated. β-lactams are usually
given 3-4 times a day, as their killing of P. aeruginosa is most effective when antibiotic levels
are maintained above the MIC for prolonged periods of time. The blood levels of β-lactams
need not be monitored. Aminoglycosides are traditionally given 3-times-daily but are
increasingly given as a single daily dose, since their best effect is related to achieving
intermittent high levels and their toxicity to failure to clear the drug adequately between
doses [B]. 

● Two weeks treatment is usually given, but this need not be rigid. Attention to multiple
parameters of clinical improvement is needed to help determine when maximal benefit has
been realised e.g. respiratory function tests and oxygen saturation return to pre-exacerbation
levels; levelling off of weight gain and scores of clinical wellbeing; normalisation or
significant falls in inflammatory markers and the patient’s subjective sense of the degree of
improvement achieved [B].

6.7  Practical aspects of intravenous antibiotic delivery

The mode of antibiotic delivery should ideally maximise antibacterial activity but may also have to
fit in the with the patient’s lifestyle. Patients with CF usually have or will develop poor venous
access due to repeated courses of intravenous antibiotics damaging their veins. Venous access has
been improved with the use and development of totally implantable venous access systems (TIVAS)
(Stead et al, 1987 [IV]; Rodgers et al, 1998 [IV]). A surgeon experienced in their placement in patients
with CF should insert them. These devices permit improved compliance and allow more IV therapy
to be given at home. They need scrupulous care and regular, usually monthly, flushing with heparin
saline using a full aseptic technique. Infection (usually staphylococcal or fungal) or blockages are the
most common complications (Horn & Conway, 1993 [IV]; Burdon et al, 1998 [IV]). 
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6.8  Aminoglycoside dosing intervals

Aim. To realise the most effective and least toxic aminoglycoside dosage regimen.

Evidence. The standard dosage regimen for tobramycin or gentamicin in CF is 9-12 mg/kg/day
divided into 3 equal doses. This differs from the amikacin dose of 30 mg/kg/day in 3 divided doses.
The UK SPC (summary of product characteristics) data sheet provides information on dilutions for
infusions and bolus administration, as well as on the timing and target levels for drug monitoring.
The optimum peak serum level for tobramycin or gentamicin is 8 to 12 mg/l 30 minutes after
completion of the intravenous infusion or 1 hour after bolus dosing and the optimum trough level is
<1 mg/l. Suggested alterations to aminoglycoside dosage based on peak and trough levels are
available (Lindsay & Bosso, 1993 [III]). It is essential that serum levels be monitored. 

As aminoglycosides show concentration-dependent killing and as their toxicity depends on trough
levels, once- or twice-daily administration has potential advantages over the standard 3-times-daily
dose. In patients without CF, once-daily dosing has been shown to be as effective and less toxic
than the 3-times-daily regimen (Barza et al, 1996 [Ia]). Reduced renal toxicity probably results
from less renal tissue accumulation through saturation of the active transport mechanism that
concentrates aminoglycosides in the renal cortex (Verpooten et al, 1989 [III]). There will also be
drug-free periods towards the end of each dosing interval. Data on inner ear toxicity are scanty but
there seems no greater problem with a once-daily compared with the 3-times-daily regimen
(Nordstrom et al, 1990 [III]; Powell et al, 1983 [III]).

The higher peak levels achieved with the once-daily regimen result in higher antibiotic levels in CF
sputum and an increased aminoglycoside bactericidal effect in the bronchial secretions, potentially
enhancing treatment efficacy but there are few clinical studies in patients with cystic fibrosis. In
adults with CF twice-daily dosing is equally effective as the standard 3-times-daily regimen; there
was no renal toxicity and a lesser incidence of ototoxicity (Wood et al, 1996 [Ib]). In a retrospective
study in 60 adult patients CF who received once-daily tobramycin 8 mg/kg/day for 100 respiratory
exacerbations, there was good efficacy without renal or hearing problems (Whitehead et al, 1996
[IV]). In a further study of 60 adult patients equivalence was shown between once and 3-times-
daily dosing with tobramycin where power of the study permitted (Whitehead et al, 2002 [Ib]).  A
study of 22 children with CF found once-daily tobramycin combined with 8 hourly ceftazidime to
be safe and effective in treating pulmonary pseudomonas exacerbations (Vic et al, 1998 [IIb]).
Tobramycin at 15 mg/kg infused over 30 minutes (Vic et al 1996 [IIb]; Canis et al, 1998 [IIb]), or 10
mg/kg over 1 hour (Gugliemo et al, 1996 [III]), or amikacin at 35 mg/kg infused over 30 minutes
(Canis et al, 1997 [IIb]; Begg et al, 1995 [III]) have been shown to be safe and effective. Peak drug
tobramycin levels were approximately 3 times greater with the once-daily dose. The amikacin
sputum concentration remained above MIC50 (the concentration inhibiting in vitro growth of 50%
of P. aeruginosa strains) for 16 hours after infusion. Serum levels can be predicted (Gugliemo et al,
1996 [III]). In practice, patients on a once-daily regimen are often monitored by measurement of
trough aminoglycoside levels. There are no references to support the adequacy of this practice but a
pre-dose measurement is practically easy and a level of <1 mg/l should be safe if repeated within the
first week.

A recent Cochrane Review concluded that there was no difference in clinical outcome,
nephrotoxicity or otoxicity between once and 3-times-daily dosing regimens but an adequately
powered randomised controlled trial was required (Tan & Bunn, 2002 [Ia]).

Recommendations 
● The standard 3-times-daily dosing regimen of aminoglycosides is recommended for children

with CF until the results of the UK multicentre trial of once-daily tobramycin are available
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(Smyth, 1999 [Ib]) [A]. Once-daily dosing is recommended for children if the UK
multicentre trial confirms the safety of this regimen in children.  Details available from Dr.
Alan Smyth, Consultant Respiratory Paediatrician, Nottingham City Hospital, Hucknall
Road, Nottingham NG5 1PB [A]. 

● For adults with CF, the once-daily dosing offers a real advantage during home intravenous
treatment. With careful monitoring, a once-daily regimen can be used as an alternative to
3-times-daily dosing, although the results of ongoing trials should be carefully assessed [A].

6.9  Problem areas
6.9.1  Different antibiotic resistance patterns

Several P. aeruginosa variants may be cultured from one sputum specimen, with different resistance
patterns for each organism. Thus resistance can be partial but not total.

Recommendation
● The appropriate strategy is to combine antibiotics so that at least 1 antibiotic is given to

which each individual organism is sensitive [C].

6.9.2  Pan-resistance to antibiotics

This is usually defined as resistance to all antibiotics in 2 of the following antibiotic classes; 
β-lactams, aminoglycosides and quinolones. Resistance to the polymyxins remains less frequent
(Govan, 2002 [IIb]). Pan-resistance (except to colistin) most commonly occurs whilst patients are
awaiting transplantation and will sometimes require frequent or continuous doses of intravenous
antibiotics. Pan-resistance does not confer a worse prognosis for those patients with CF who
receive a transplant (Aris et al, 1997 [III]).

Total antibiotic resistance in B. cepacia, in particular the epidemic form, is very common prior to
transplantation. It can be a contraindication to transplantation.

Recommendations
● A choice of intravenous antibiotics should be made according to previous best

clinical response and the antibiotics should be rotated until a satisfactory response is
achieved [C].

● Resistance to colistin is relatively uncommon in P. aeruginosa and it can be safely used
intravenously (Conway et al, 1997 [Ib]; Conway et al, 2000 [IV]; Ledson et al, 1998 [IV])
[B]. In contrast, resistance of B. cepacia to colistin is total.

● Antibiotics can be tested in pairs for efficacy in vivo, to assess synergy against resistant
organism (Saiman et al, 1996 [IIb]; Richards et al, 1998 [IIb]) [C].

6.9.3 Allergic reactions (see also Section 10.)

Increasing drug allergy in patients with CF requiring repeated courses of antibiotics can severely
limit choice by excluding antibiotics to which the patient’s organisms are sensitive. Repeated
courses of intravenous antibiotics through childhood to adulthood are associated with the
development of allergic reactions, especially to the β-lactams, and with increasing disease severity.
The commonest reactions are the development of rashes, but life-threatening anaphylactic
reactions are not uncommon. 
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Recommendations
● Drug allergy must be clearly documented in the patient’s notes [C].

● Patients will be taught to self-inject adrenaline. An autoinjector for adults will deliver
0.3 mg per single dose (EpiPen) and should always be carried by very allergic patients. A 0.15 mg
autoinjector is available for children [C].

● A patient having home IV antibiotic therapy should always be given the first and, ideally,
the second dose of the antibiotic in hospital [C].

● It may be necessary to desensitise patients to antibiotics such as ceftazidime (Ghosal &
Taylor, 1997 [IV]). This should always be carried out  in hospital (see Section 10) [C].

6.9.4  Pregnancy and antibiotics

In a large adult Specialist CF Centre (200 patients) it is usual for there to be at least 2 pregnancies
each year (Edenborough et al, 2000 [IV]). If a pregnant patient is chronically infected with
P. aeruginosa several courses of intravenous antibiotics may be required. Fortunately, the most
useful intravenous antibiotics are safe (Lynch et al, 1991 [IV]).

Recommendations
● The β-lactams (penicillins, cephalosporins and monobactams) can be safely used

intravenously throughout pregnancy; intravenous colistin should be avoided [C].

● Safe oral antibiotics include erythromycin and clindamycin. Chloramphenicol, metronidazole
and ciprofloxacin should be avoided [C].

● Aminoglycosides, which are the cornerstone of intravenous antibiotic therapy, are probably
safe to use but levels should be carefully monitored. The potential for ototoxicity is greatest
during the second trimester when the hair cells in the organ of Corti are developing. Foetal
auditory changes may occur independently of maternal ototoxicity [C]. 

6.10  Home intravenous antibiotic treatment

Aim. To administer intravenous antibiotic treatment with minimum disruption to the patient’s and
family’s lifestyle, whilst maintaining equal efficacy to hospital-based programmes.

Evidence. Intravenous antibiotics administered to the patient at home can be as effective as hospital
treatment and allow continued enjoyment of home comforts and the possibility of continuing with
work or study (Winter et al, 1984 [III]; Strandvik et al, 1988 [III]; Gilbert et al, 1988 [IIa]; Strandvik
et al, 1992 [III]; Pond et al, 1994b [IIa]; Wolter et al, 1997 [IIa]). The risks of cross-infection are
reduced, and home treatment is also considerably less expensive than that in hospital (Wolter et al,
1997 [IIa]; Littlewood et al, 1995 [III]). A systematic Cochrane review of home intravenous
antibiotics, although finding only one of the published studies acceptable, concluded that short-
term home therapy does not seem to harm patients and in general reduced social disruptions. It was
recommended that the decision to attempt home treatment should be based on an individual basis
and appropriate local resources (Marco et al, 2002 [Ia])

Recommendations
● It is essential that patients are carefully selected. The following prerequisites must be met;

adequate facilities in the home, reliable adherence to therapy, a sensible and mature patient
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or parent, secure venous access, proper training in all appropriate techniques, and proper
and continuing supervision [C].

● Therapy should be made as patient-friendly as possible, by using bolus doses and/or pre-
packed delivery devices and, where appropriate, once- or twice-daily doses [C].

● Patients should receive the first antibiotic dose at the hospital, either in the ward or the
clinic. The first 2 doses should be given in hospital if the antibiotic is being used for the first
time, to minimise the risk of an acute adverse event occurring at home [C].

● All patients should be supplied with a home anaphylaxis kit and its contents should be checked
regularly. Adult patients, parents, family or partners should be instructed in its use [C].

● Patients receiving home intravenous antibiotics must have their progress assessed after
1 week’s treatment and at the end of the course. These patients should be discussed during
ward rounds in as much detail as the inpatients [C].

● Home therapy should be coordinated by the CF Nurse Specialist in conjunction with the CF
Pharmacist and is not feasible without this level of support [C].  (See National Consensus
Standards for the Nursing Management of Cystic Fibrosis. UK Cystic Fibrosis Nurse
Specialist Group. Cystic Fibrosis Trust. 2001 [IV].)

● All Specialist CF Centres and Clinics should regularly review their home intravenous
treatment outcomes, because not all such programmes are successful (Bradley et al, 1997
[III]) and patients may find it difficult to carry out other aspects of their treatment,
especially physiotherapy and exercise (Phillips et al, 1997 [III]). Any patient failing to
respond to a course of home treatment should be admitted and reviewed [C].

● Any complicated respiratory exacerbation e.g. with haemoptysis or pneumothorax should be
treated in hospital [C]. 
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7. OTHER INFECTIONS

7.1  Methicillin-resistant Staphylococcus aureus
7.1.1  General

A study from the Adult CF Unit, Royal Brompton Hospital, London reported 26 of 974 patients
attending there between 1965 and 1997 were colonised with methicillin-resistant Staphylococcus
aureus (MRSA). Such MRSA colonisation was without serious consequences for most patients
with CF and the hospital infection control policies appeared to be successful in keeping its
incidence low (Thomas et al, 1998 [IV]). People with CF probably acquire the MRSA strains that
are present in their particular hospital. Control measures are important, as MRSA seriously
compromises the choice of antibiotic treatment (Govan, 2000 [IV]). Methicillin-resistant
Staphylococcus aureus are resistant to all β-lactam antibiotics and often to other agents including
aminoglycosides and macrolides (Leski et al, 1999 [IV]).

A consensus meeting (Meeting Report, 1998 [IV]) concluded that MRSA does not currently appear
to increase morbidity or mortality in CF, although further research was needed. The infection did
however cause considerable difficulties when patients were being considered for transplantations
because of the consequences in the transplanted patients and also the risk of spread to other
patients in intensive care units. Some Specialist CF Centres will not list patients with MRSA for
transplant. Hospitals should follow national guidelines for the control of MRSA (Report of a
Combined Working Party of the British Society for Antimicrobial Chemotherapy, the Hospital
Infection Society and the Infection Control Nurses Association 1998 [IV]). Special efforts should
be made to prevent the spread of MRSA among patients with cystic fibrosis. This may require
special isolation facilities in Specialist CF Centres and CF Clinics and regular screening of patients
for carriage of the organism. Patients with CF who are colonised/infected should be advised not to
attend meetings or social gatherings of people with cystic fibrosis.

7.1.2  Treatment

The treatment alternatives are either antibiotics to which resistance frequently develops (e.g.
fucidin and rifampicin), or are expensive and require intravenous administration (teicoplanin and
vancomycin). All the MRSA isolates at the Royal Brompton Hospital, London, were sensitive to
vancomycin and teicoplanin, 81% were susceptible to rifampicin, 77% to fucidin and 17% to
erythromycin. Sensitivities were similar pre- and post-1992 (Thomas et al, 1998 [IV]). Recently
linezolid, a new antibiotic of the oxazolidinone class that is active against gram-positive bacteria
including both methicillin-susceptible and methicillin-resistant S. aureus, has been shown to be
highly effective by both the intravenous and oral routes in a patient with CF with severe
exacerbations of her chest infection due to MRSA (Ferrin et al, 2002 [IV]).

Recommendations
● Regular monitoring of all patients with CF for MRSA [C].

● Arrange for the family to be screened and, if positive for MRSA, arrange treatment to
eradicate [C].

● Treatment of nasal carriage is best achieved with nasal mupirocin (Hill et al, 1988 [III]),
although resistance can arise.

● Follow hospital isolation policies (Report of a Combined Working Party of the British
Society for Antimicrobial Chemotherapy, the Hospital Infection Society and the Infection
Control Nurses Association 1998 [IV]) [C].
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● Treat the MRSA, noting antibiotic sensitivities. If it is suspected that MRSA is causing
symptoms try nebulised vancomycin 5 mg/kg tds or qds made up with 4 ml saline (Maiz et al,
1998 [IV]). Give nebulised salbutamol before the vancomycin. For acute exacerbations
always include intravenous teicoplanin or vancomycin [C].

● Chronically infected patients are kept on long-term oral antibiotics to keep the bacterial
count as low as possible. Inhaled aminoglycosides or oral agents are given for chronic sputum
infection [C].

● Chloramphenicol may be used for acute exacerbations but not for long-term treatment.
Many MRSA are resistant to chloramphenicol [C].

● Linezolid (Zyvox) shows promise but there is only one case report in a patient with cystic
fibrosis who received 600 mg intravenously twice-daily.  Suggested dose for patients over
5 years is 10 mg/kg twice-daily; patients less than 5 years 10 mg/kg 3-times-daily.  Levels can
be used to monitor dosing.  Both oral and intravenous preparations are available (see
Pharmacopoeia Section 9.3) [C].
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7.2  Stenotrophomonas maltophilia

Isolation of S. maltophilia from sputa of patients with CF has increased markedly since the early
1980s (Gladman et al, 1992 [III]) and some Specialist CF Centres now report a prevalence of over
20% (Ballestero et al, 1995 [III]; Denton et al, 1996 [III]). The precise reasons for these increases are
unclear but there is an association between the emergence of S. maltophilia in patients with CF and
exposure to anti-pseudomonal antibiotics (Denton et al, 1996 [III]; Talmaciu et al, 2000 [III];
Valdezate et al, 2001 [IV]). There is some evidence that the organism is acquired from a variety of
environmental sources found both within the hospital and the community, particularly moist sites
such as taps, showerheads, plugholes and water itself (Denton et al, 1998 [III]). Equipment used to
deliver aerosolised antibiotics may be a potential source of S. maltophilia (Hutchinson et al, 1996
[III]). There is no evidence of patient-to-patient transmission (Denton et al, 1998 [III]; Krewinski
et al, 2001 [III]; Vu-Thein et al, 1996 [III]) and strict isolation protocols, such as those applied to
patients colonised with B. cepacia and highly transmissible P. aeruginosa, are not necessary.
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The clinical significance of S. maltophilia colonisation in CF remains an area of uncertainty. There
have been no reports of acute deterioration in people with CF following acquisition of
S. maltophilia. One retrospective review suggests that patients chronically colonised with
S. maltophilia experience long-term deterioration in lung function, similar to that in P. aeruginosa-
colonised patients (Karpati et al, 1994 [III]), although other studies have not shown this
relationship (Gladman et al, 1992 [III]; Demko et al, 1995 [III]; Demko et al, 1998 [III]; Valdezate
et al, 2001 [III]).

There are anecdotal reports that gradual deterioration only occurs in those patients colonised with
>106 cfu of S. maltophilia per ml of sputum (Ballestero et al, 1995 [III]).

Unfortunately S. maltophilia is resistant to most anti-pseudomonal antibiotics (Denton & Kerr,
1998 [IV]). Only co-trimoxazole appears to have consistent activity but minocycline, ticarcillin/
clavulanate or aztreonam plus co-amoxiclav may also be active. Combination therapy with
ceftazidime plus an aminoglycoside or ciprofloxacin has been shown to be synergistic in vitro
against some strains of S. maltophilia. Recent in vitro studies have also suggested that azithromycin
may be synergistic in combination with cotrimoxazole against 20% of S. maltophilia strains
isolated for patients with cystic fibrosis (Saiman et al, 2002 [III]).

Recommendations
● Given the continuing doubts about clinical significance and the potential toxicity of the

above agents, it would seem prudent to suggest that only those patients chronically infected
with S. maltophilia, and who exhibit evidence of clinical deterioration in the absence of
other causes, should receive antibiotic treatment specifically targeted at this organism [C].

● Unless contra-indicated by resistance or intolerance, co-trimoxazole is the usual drug of
choice [C]. Ticarcillin/clavulanate is another option [C].
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7.3  Non-tuberculous mycobacteria 
7.3.1  Clinical significance of non-tuberculous mycobacteria isolates in the sputa from
patients with cystic fibrosis 

The significance of the isolation of non-tuberculous mycobacteria (NTM) from respiratory
secretions remains unclear despite a number of clinical reports. It is not possible to determine
whether the organisms are contaminants, merely colonising the patient’s airways, or represent a
true infection. There is no consistent evidence that antibiotic treatment is beneficial.

7.3.2  Prevalence of non-tuberculous mycobacteria

Patients with chronic suppurative lung disease are potential subjects for non-tuberculous
mycobacteria. Additional risk factors may be poor nutrition, increasing age and disease severity,
frequent intravenous antibiotic treatments, diabetes mellitus and corticosteroid treatment,
although not all authors have found these factors to be relevant (Oerman et al, 1997 [IV]; Torrens et
al, 1998 [III]; Hjelte et al, 1990 [III]; Kilby et al, 1992 [III]; Aitken et al, 1993 [III]; Fauroux et al,
1997 [III]). Non-tuberculous mycobacteria are found in the respiratory secretions of up to 20% of
patients with CF, if appropriate isolation methods are used (Jones et al, 1995 [III]).

A multicentre North American study commenced in 1992 and completed in 1998 has confirmed
the prevalence of NTM, defined as having at least one positive culture, in patients with CF as
12.5% (123/986) which varied between CF clinics from 5%-31%; 2.5% (25/986) of patients
fulfilled the American Thoracic Society’s criteria of either 2 positive cultures and a positive smear
or 3 positive cultures. Mycobacterium avium was cultured most frequently (77%) with
Mycobacterium abscessus being the next most common (18%). The patients with positive cultures
were older and had relatively mild chest involvement but worse nutritional status, were more likely
to have S. aureus and tended towards being less likely to have P. aeruginosa than NTM culture
negative patients (Oliver, 1999 [III]).

7.3.3  Evidence for pathogenicity

Although infiltrations and cavities in the chest X-ray, cough, haemoptysis, weight loss and a low-
grade fever may all be due to conventional P. aeruginosa infection, they also may be due, at least in
part, to active NTM infection. In most cases, it is unlikely that NTM infection is responsible
(Tomashefski et al, 1996 [III]).

Some studies highlight the potentially pathologic effects of NTM in CF (Hjelte et al, 1990 [III];
Kilby et al, 1992 [III]; Boxerbaum, 1980 [III]; Kinney et al, 1989 [IV]; Smith et al, 1984 [III];
Efthimiou et al, 1984 [IV]) whilst others argue against any significant impact (Torrens et al, 1998
[III]; Aitken et al, 1993 [III]; Hjelt et al, 1994 [III]). One positive sputum culture is unlikely to be of
significance, but active NTM infection should be suspected when multiple smears and cultures are
positive for NTM (Tomashefski et al, 1996 [III]). Bronchoscopy, with endobronchial or
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transbronchial biopsy, may be appropriate in some cases, with the presence of granulomata
confirming active NTM disease.

7.3.4  Clinical and radiological features

The American Thoracic Society (ATS) criteria for active NTM infection illustrate the difficulties in
making this diagnosis in cystic fibrosis (Wallace et al, 1996 [IV]). It is recommended that all other
reasonable causes for clinical presentations are excluded, an impossibility in the case of CF, where
other potential pathogens are generally present.

7.3.5  Treatment

Non-tuberculous mycobacteria are almost always resistant in vitro to standard anti-tuberculous
antibiotics. Ethambutol should not be used in children too young to report adverse effects on
vision. Clarithromycin and ciprofloxacin have some activity against NTM (Fauroux et al, 1997
[III]; McKean et al, 1992 [IV]). Treatment is usually given for 12 to 18 months.

Patients may improve with treatment (Torrens et al, 1997 [III]; Hjelte et al, 1990 [III]; Oliver et al,
2001 [IV]) or may not (Torrens et al, 1997 [III]; Hjelte et al, 1994 [III]). Even eradication of NTM
does not guarantee clinical improvement (Fauroux et al, 1997 [III]). 

The decision to treat is usually  based on the clinical situation, deterioration in the presence of NTM,
and with failure to respond to therapy for conventional CF respiratory pathogens. Conclusions
about NTM disease or colonisation should be made on the basis of the host response to treatment.

Recommendations
● Screen all patients with CF for mycobacteria at their Annual Review [C].

● The decision to treat is based on clinical grounds. Treat patients who are deteriorating and
unresponsive to treatment for conventional CF respiratory pathogens, and who have
repeatedly positive cultures or smears for non-tuberculous mycobacteria [C].

● Continue the antibiotic treatment for 12 to 18 months [C].

● Consider monitoring drug levels if sputum fails to become negative (Gilljam et al, 1999
[IV]) [C].
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7.4  Management of respiratory exacerbations in patients with Burkholderia cepacia

The outcome of B. cepacia complex infection in patients with CF is variable. Some individuals
experience frequent exacerbations of their pulmonary disease, similar to those seen in patients with
chronic P. aeruginosa infection; others have no symptoms or succumb to the rapidly fatal
pneumonia known as a ‘cepacia syndrome’ (Whiteford et al, 1995 [IV]; Muhdi et al, 1996 [IV];
Hutchison & Govan, 1999 [IV]; McLoskey et al, 2001 [IV]). In addition, patients with B. cepacia
infection have more frequent exacerbations with secondary infecting organisms such as
P. aeruginosa, S. aureus and H. influenzae. Accurate sputum culture is important to determine
which antibiotics are most appropriate for each exacerbation.

Management of B. cepacia infection requires awareness of problems that may arise in culture and
identification, including the consequences of recent taxonomic advances (Govan et al, 1996 [III];
LiPuma, 1998 [III]; Jones et al, 2001 [IV]; Coenye et al 2001 [III]). Briefly, isolates presently
identified as ‘B. cepacia’ by conventional methods comprise at least 9 bacterial species or
subspecies. These include genomovars I, III and IV, and the newly described species Burkholderia
multivorans and Burkholderia vietnamiensis (previously genomovars II and V). Because of their
phenotypic similarity, and until the virulence of individual groups is clarified, all should be referred
to as the B. cepacia complex. Within the complex, the distribution of isolates is disproportionate
with almost 90% of isolates belonging to B. multivorans or genomovar III (LiPuma et al, 2001
[III]). Most organisms within the B. cepacia complex are inherently resistant to antipseudomonal
antibiotics (Lewin et al, 1993 [III]; Pitt et al, 1996 [III]; Saiman, 1998 [III]). However, some groups
such genomovar I, B. multivorans and B. vietnamiensis may be more sensitive, compared with
genomovar III strains. Antimicrobial therapy should be directed by in vitro sensitivities where
available, but many organisms are pan-resistant to the usual antibiotics. There is some value in
checking minimal inhibitory concentrations (MICs) for such organisms. Reasonable MICs to anti-
pseudomonal antibiotics such as ceftazidime, meropenem, temocillin and tazobactam can be
demonstrated. In addition, co-trimoxazole, chloramphenicol, ciprofloxacin and individual
tetracyclines may also show some activity against B. cepacia (Nzula et al, 2002 [III]; Moore et al,
2001 [III]). 
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It is preferable to use a combination of 2 or 3 antibiotics for treatment of B. cepacia exacerbations.
Some combinations show synergy. Quinolones in combination with β-lactams or carbopenems
may have some utility in this context. Other potentially synergistic combinations include
chloramphenicol/minocycline and chloramphenicol/ceftazidime (Saiman, 1998 [III]; Aaron et al,
2000 [III]). It is hoped to provide further guidelines on synergy testing for treatment of resistant
organisms such as B. cepacia in the near future. 

Burkholderia cepacia is characteristically resistant to colistin and polymyxin and, in general, to
aminoglycosides; although, the latter may be useful in combinations. It should also be remembered
that some antibiotic combinations can be antagonistic. If a patient is not responding to
antimicrobial therapy, further tests and possibly a change in the antibiotic regimen should be
considered.

[See also Sections 9.10 - 9.12]
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7.5  Allergic bronchopulmonary aspergillosis 
7.5.1  Introduction

Allergic bronchopulmonary aspergillosis (ABPA) is an immune-mediated bronchial disease causing
bronchiectasis as a result of exposure to Aspergillus fumigatus. Early recognition and treatment
prevents long-term complications. The onset of ABPA can be fulminant or insidious, with
serological and X-ray features preceding clinical symptoms (el-Dahr et al, 1994 [III]). Annual
screening usefully identifies the progression of allergic sensitisation and tests should be considered
when acute exacerbations are atypical or poorly responsive to appropriate antibacterial therapies.
The successful treatment of S. aureus and early P. aeruginosa seems to increase the likelihood of
respiratory cultures becoming positive for A. fumigatus (Bargon et al, 1999 [III]).

7.5.2  Diagnosis and recommendations

There should be a low threshold of suspicion for diagnosis, which is based on the following:

● The occurrence of asthma symptoms.

● New X-ray changes such as patchy atelectasis, consolidation, homogenous bronchial
shadowing or parallel "tram line" linear shadows.

● Increased IgE levels of >500IU/L or a four-fold increase in IgE titres (Marchant et al,
1994 [III]).

● Increased specific IgE RAST or positive skin prick tests.

● Eosinophilia of >500/mm3.

● Positive sputum culture or fungal hyphae identified on microscopy.

Radiological and clinical improvements with a falling IgE level after initiating steroids usefully
indicates an appropriate diagnosis (Simmonds et al, 1990 [III]).

Recommendations
● Oral prednisolone 0.5 mg to 1 mg/kg (non-enteric coated) should be given daily for at least

2 weeks. If improvements in clinical symptoms, respiratory function tests and radiological
changes have occurred after 2-3 weeks, give 0.5 mg to 1 mg/kg prednisolone on alternate
days for the next 2-3 months [B].

● A resolution of symptoms, a return of respiratory function to previous levels, resolution of
X-ray changes and a fall in total IgE of >35% by 2 months is indicative of remission
(Ricketti et al, 1984 [III]) [B].

● If IgE levels are not reduced, consider whether there is poor adherence to the steroid therapy,
and review the diagnosis. An absence of even mild Cushingoid facial changes when taking
1 mg/kg/day or more of oral prednisolone suggests either non-adherence or poor absorption –
or perhaps the inadvertent prescription of an enteric coated preparation (Gilbert &
Littlewood, 1986 [IV]). If the diagnosis is certain, a week or two of 2 mg/kg/day
prednisolone may be effective even when 1 mg/kg/day has failed to induce a remission [C].
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● When IgE levels fall appropriately, alternate day doses of oral prednisolone can be tapered by
5 to 10 mg per month to zero over the next 8 to 12 weeks. Repeat chest X-ray after 1-2 months
to ensure clearance of radiological changes and again 4-6 monthly to screen for new
infiltrates. A sharp rise in IgE heralds a relapse, necessitating an increased dose of
prednisolone [C]. 

● The use of the anti-fungal agent itraconazole to treat ABPA is not well established and there
are no controlled trials on its use (Elphick & Southern, 2002 [Ia]). However, itraconazole
suspension (not capsules) appears to have some effect as a steroid-sparing agent after
frequent relapses (Nepomuceno et al, 1999 [III]). Some clinicians would start itraconazole at
the same time as prednisolone. Doses between 100 to 200 mg twice-daily have been used
(Mannes et al, 1993 [IV]; Denning et al, 1991 [III]). Although there are usually no problems,
itraconazole can cause liver dysfunction, and has important drug interactions with antacids
and H2 antagonists, which decrease absorption. Its use can also cause increased systemic
levels of cisapride and antihistamines, with risks of ventricular arrhythmia. Serum levels can
be measured to ensure adequate absorption but they do not always reflect sputum levels and
there is some doubt as to what represents an adequate therapeutic level (Sermel-Gaudelius
et al, 2001 [III]) [C].

● Nebulised amphotericin has been used with some success in reducing the allergen load and
may be of help in recurrent cases (10 mg amphotericin of the preparation for injection 2 to 4
times per day dissolved in water, not saline; 20 ml water is added to each 50 mg vial of
amphotericin to achieve a dose of 10 mg in 4 ml to nebulise) [C].

● The patient should be advised against ‘mucking out’ stables and visiting other places where
there is rotting vegetation likely to be associated with a high spore count. Hospitals where
extensive demolition and building are in progress may also pose a risk [B].
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8. MICROBIOLOGICAL APPENDICES

8.1  Culture and identification of major pathogens

Microbiology practice plays a significant role in the management of CF respiratory infection
(Shreve et al, 1999 [IV]). It would be impractical to provide dogmatic guidelines for culture and
identification of all the major CF pathogens from CF respiratory secretions. However, the
following laboratory protocols take account of the idiosyncrasies of CF microbiology (e.g.
polymicrobial populations, the presence of multiple colonial morphotypes, differences in
antibiotic susceptibility within a single specimen) and may provide useful microbiological
information to facilitate early diagnosis and anti-pseudomonal therapy in exacerbations.

● Freshly collected sputum is liquefied by treatment for 15 minutes with an equal volume of
Sputalysin (Calbiochem) and intermittent vortexing.

● Using calibrated pipettes and sterile disposable tips, liquefied sputum is diluted 102 to 104

fold in sterile physiological saline. Volumes (0.1 ml) of each dilution, and of undiluted
sputum, are inoculated on to agar culture media and spread evenly with the aid of small
sterile glass ‘hockey sticks’. Use of appropriate media (selective or enriched) is important and
should include the following or appropriate substitutes:

- S. aureus: Blood agar.

- H. influenzae: Chocolate blood agar (CBA) with bacitracin
(300 mg/l) or cefsulodin CBA (Smith & Baker, 1997 [III]).

- P. aeruginosa: Difco Pseudomonas Isolation Agar.

- S. maltophilia: Pseudomonas Isolation Agar (Difco)
or vancomycin-imipenem-amphotericin B medium 
(Kerr et al, 1996 [III]).

- B. cepacia: Cepacia Medium (Mast) or Cepacia selective 
medium (Henry et al, 1997 [III]).

● Plates are incubated aerobically at 37°C with the exception of CBA, which should be
incubated in an atmosphere of 5% CO2. Bacterial growth should be visible within 24 hours
but confirmation of mucoidy in P. aeruginosa may require 48 hours or longer. In the case of
B. cepacia, incubation may need to be extended to 72 hours.

● Presumptive identification of S. aureus, H. influenzae and classical non-mucoid green-
pigmented P. aeruginosa present few difficulties. However, once P. aeruginosa infection is
established in patients with CF the colonial morphology may become very atypical and
species identification may require the use of a multitest system such as API 20NE. These
should also be used for the identification of S. maltophilia. Culture, identification and storage
of B. cepacia can present difficulties. Identification of B. cepacia infection requires growth on
either of the selective media mentioned above and confirmation by API 20NE or
confirmation by a reference laboratory. Details of key laboratory procedures concerning
culture, maintenance and identification are discussed elsewhere (Pitt & Govan, 1993 [IV];
Henry et al, 1997 [III]; Coenye et al, 2001 [III]).

8.2  Quantitative microbiology

The value of quantitative culture of CF pathogens in sputum has been long debated. If the
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laboratory facilities allow, estimating the number of colony forming units of individual pathogens
has several advantages.

● Dilution of the original specimen reduces the likelihood of overgrowth of delicate pathogens
– H. influenzae in particular – by other organisms, and allows judgement of whether the
presence of H. influenzae is clinically significant (>106 cfu/ml sputum) or merely the result
of contamination by commensal strains from the upper airways.

● In conjunction with selective medium, bacterial counts allow assessment of the efficacy of
antimicrobial treatment in reducing the bacterial load in the lung. This is most readily
observed in the early stages of infection or during the first few treatments with a new
antimicrobial.

8.3  Non-cultural techniques

Rapid DNA-based techniques with high sensitivity and accuracy are available for detection of
P. aeruginosa (McIntosh et al, 1992 [IIb]; Filho et al, 1999 [IIb]) and are presently under
development and assessment for use in diagnosis of B. cepacia and S. maltophilia infections
(Whitby et al, 1998 [IIb]). Despite the enthusiasm for the future diagnostic possibilities of these
techniques caution should be exercised in respect of their applicability (Vaneechoutte, 1999 [III]).

8.4  Sensitivity testing

The complex nature of CF microbiology is reflected in the long-standing debate on the value of
sensitivity testing of CF pathogens. Only relatively recently has the rationale and prophylactic
value of early antipseudomonal therapy been accepted and widely practised in the UK and Europe
(Littlewood et al, 1985 [IV]; Govan et al, 1987  [IV]; Valerius et al, 1991 [Ib]).

Results of ‘routine’ sensitivity testing often are not reflected in therapeutic efficacy. An explanation
for this discrepancy is that, as colonisation progresses, considerable heterogeneity arises, with
different colonial morphotypes of the same strain, and even similar morphotypes exhibiting a range
of sensitivity. Thus in vitro susceptibility tests based on examination of a single colonial
representative may not reflect the true populations of P. aeruginosa within the lung. When different
colonial morphotypes of the same pathogen are cultured a representative of each morphotype
should be tested by the British Society for Antimicrobial Chemotherapy, disc susceptibility test
(BSAC Working Party, 2001 [IV]). In a recent study MICs determined by custom-prepared broth
microdilution plates (PML Microbiologicals, Portland, Oregon) compared favourably with MICs
determined by agar dilution (Saiman et al, 1999 [III]).

8.5  Synergy testing

Synergy testing of antimicrobial combinations is time consuming and, with the exception of
troublesome pan-resistant isolates, of doubtful value in the case of isolates from CF pulmonary
exacerbations. Moreover clinical interpretation of these in vitro results is tenuous in the extreme
especially when multiple morphotypes are present. We recommend that such testing should be
used only as a last resort in the case of life-threatening intransigent infections.

There is recognised clinical synergy between aminoglycosides and β-lactams (especially
penicillins) against P. aeruginosa, but clinical evidence of synergy between other combinations of
antipseudomonal agents is tenuous or absent. For the occurrence of synergy between
antimicrobials against B. cepacia (see Section 7.4).
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8.6  National Reference Laboratories at Colindale and Edinburgh

The need for reference centres to assist clinicians and microbiological laboratories in the
identification, treatment, epidemiology and surveillance of the major CF pathogens is increasingly
apparent. Thus, for example, an extensive outbreak of β-lactam resistant P. aeruginosa in a large UK
Specialist CF Centre was only identified during preparation for a Phase III antibiotic trial (Cheng
et al, 1996 [IV]). More recently outbreaks of highly transmissible strains of P. aeruginosa have been
reported from a number of Specialist CF Centres in the UK (Jones et al, 2001 [III]; McCallum et al,
2001 [III]).

In the case of B. cepacia there is a specific need for reference laboratories to confirm the
identification of difficult isolates and to identify genomic markers associated with transmissibility
and virulence. The US CF Foundation, in association with the University of Michigan and Cornel
University, has established a B. cepacia Research Laboratory and an Antibiotic Synergy Testing
Service to support CF Centres throughout the United States. The Foundation provides support for
these facilities and patients and clinical microbiology laboratories are not charged for specimen
transport or for the service provided.

In the UK 2 laboratories receive some funding from the Cystic Fibrosis Trust. In addition to local
facilities in England and Wales, reference facilities are available through:

Dr. Ty Pitt, The Laboratory of Hospital Infection, Public Health Laboratory Service, 
61 Colindale Avenue, London NW9 5HT.

Complementary facilities are also available at:
Professor John Govan, The Cystic Fibrosis Microbiology Laboratory and Strain Repository, 
University of Edinburgh Medical School, Teviot Place, Edinburgh EH8 9AG. 

The function of these reference services is to augment and not replace the sputum culture and
species identification provided by the diagnostic microbiology laboratories supporting Specialist
CF Centres and CF Clinics. The support provided by both laboratories includes advice on specific
cases of infection and the following practical services:

● Confirmatory identification of atypical isolates of P. aeruginosa and putative isolates
presumptively but not reliably identified as B. cepacia by the referring laboratory.

● Strain repositories for storage and comparison of P. aeruginosa recovered from UK Specialist
CF Centres.

● Genomic fingerprinting to identify clusters of similar strains within patient populations. In
such situation, consultation is provided to link local and national developments and exchange
strains between Colindale and Edinburgh.

● DNA-based analysis using polymerase chain reaction (PCR) amplification of genomic DNA
for presence of genomic markers associated with genomovar status and epidemic markers
including the cblA gene (Sun et al, 1995 [III]) and the B. cepacia epidemic strain marker,
BCESM, (Mahenthiralingham et al, 1997 [III]).

In addition, the Cystic Fibrosis Microbiology Laboratory and Strain Repository in Edinburgh
would be prepared to:

● Perform antibiotic sensitivity testing by MIC assays to augment routine clinic testing. The

Cystic Fibrosis Trust September  200257



service extends to testing of new antimicrobials against multiresistant isolates. These may be
available for clinical use on a named patient compassionate basis.

● Examine an annual sputum specimen from patients with CF chronically infected with
P. aeruginosa to identify unusual or multiresistant strains at an early stage. These specimens
could be conveniently collected at the time of the Annual Review. Specimens for reference
laboratories should be sent in accordance with the prevailing postal regulations.

It is normal practice for the results to be sent to both the referring clinical microbiology laboratory
and the clinician unless otherwise indicated.
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9. PHARMACOPOEIA

Originally based on a document prepared by Amanda Bevan (Southampton). We are also grateful
to Paula Hayes (Liverpool) and Helen Cunliffe (Leeds) for their advice. Also we thank Churchill
Livingstone, publishers of Practical Guidelines for Cystic Fibrosis Care Ed. Hill CM. 1998.

If clinicians are unfamiliar with using a particular drug, it is important they read the summary
of product characteristics (SPC) and discuss the drug’s use with the pharmacist involved with
their Specialist CF Centre or CF Clinic and the hospital microbiology department.

Please check carefully whether the dose/kg stated is the total per 24 hours or for each individual
dose.

9.1  Continuous anti-staphylococcal therapy

Flucloxacillin Child: 50 to 100 mg/kg/day PO.
Conveniently given in a bd dosage but ideally qds.
Adults: Maximum 1 g qds.

Available preparations: 125 mg/5 ml and 250 mg/5 ml suspensions. 
250 and 500 mg capsules.

Administration: Give on an empty stomach.
Side effects: Gastrointestinal upset and rarely sensitivity reactions, hepatitis

and cholestatic jaundice have been reported and may occur up to
2 months after stopping treatment. 

Note: Low doses should be given initially, for example 250 mg/day, and
these should be adjusted upwards if staphylococci continue to be
isolated and despite good adherence.

Cephradine 25 to 50 mg/kg/day in 2-4 doses (max. 4 g daily)
or for CF: birth-1 yr 500 mg bd, 
1-7 yrs 1 g bd, 
7-12 yrs 2 g bd, 
>12 yrs and adults (max. 2 g bd).

Available as: 250 mg/5 ml suspension, 250 mg 500 mg capsules.
Administration: After food.
Side effects: Gastrointestinal upset, hypersensitivity reactions to penicillins.

9.2  Treatment of asymptomatic Staphylococcus aureus isolates or minor
exacerbations

Flucloxacillin Child: 50 to 100 mg/kg/day in 3-4 divided doses.
Adult: 50 to 100 mg/kg/day. Maximum in 1 g qds.

Erythromycin Child: 50 mg/kg/day in 2 to 4 divided doses. 
Or under 2 yrs 250 mg, 
2-8 yrs 500 mg, 
over 8 yrs 1 g all given bd.
Adult: 1 g twice-daily.

Available: 125 mg/5ml, 250 mg/5 ml, 500 mg/5 ml, 250 mg and 500 mg tablets
and capsules.

Administration: With or after meals.
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Side effects: Gastrointestinal disturbance, allergic reactions.
Caution: Interacts with a variety of other drugs including cisapride,

theophylline and cimetidine.
Note: Has been used as a long-term anti-staphylococcal drug for many

years by some experienced clinicians.

Azithromycin Child: 10 mg/kg/day od PO for 3 days.
Repeat course 1 week later. Repeat again as necessary.
Adult: 500 mg od PO for three days.

Available preparations: 200 mg/5 ml suspension, 
250 mg capsules, 500 mg tablets.

Administration: Give on an empty stomach.
Side effects: Gastrointestinal disturbances, allergic reactions and drug

interactions, but less than with erythromycin.
Note: Resistance can occur with repeated courses.

Also used as an anti-inflammatory in children over 8 yrs
(see Section 4.1)
<40 kg 250 mg daily.
>40 kg 500 mg daily.

Sodium Fusidate Child: <5 yrs 250 mg (5 ml) tds.
5-12 yrs 500 mg (10 ml) tds.
12 yrs and over 750 mg fusidic acid (15 ml) tds.
or 500 mg sodium fusidate (2 tabs) tds.
Adult: 750 mg tds PO.

Available preparations: 250 mg/5 ml fusidic acid suspension, (equivalent to 175 mg sodium
fusidate).
250 mg sodium fusidate tablets (equivalent to 240 mg fusidic acid). 

Administration: Traditionally used in combination with another antibiotic, e.g.
flucloxacillin, to prevent resistance although scientific basis is
doubtful. 

Side effects: Gastrointestinal disturbances, skin rashes, jaundice. Avoid in liver
disease.

Clindamycin Child: 20-30 mg/kg in 3 or 4 divided doses PO.
Adult: Maximum 600 mg qds PO.

Available preparations: 75 mg/5 ml suspension, 
75 mg and 150 mg capsules. 

Administration: Absorption is not affected by food.
Side effects: Nausea and vomiting, diarrhoea, pseudomembranous colitis (if

diarrhoea occurs advise to discontinue the drug and obtain
immediate medical advice), blood dyscrasias, dermatitis and
hypersensitivity reactions. Monitor liver and renal function if
therapy is prolonged.

9.3  Treatment of more severe exacerbations caused by Staphylococcus aureus

Flucloxacillin Child: 100 mg/kg/day in 4 doses 6 hourly IV.
Adult: 1 g-2 g  6 hourly IV (max. 8 g daily). 

Available preparations: 250 mg, 500 mg and 1 g vials. 
Administration: By slow intravenous injection over 3-4 minutes.
Side effects: See above. Reduce dose in renal impairment.
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Aminoglycosides See under treatment of P. aeruginosa (Section 9.8.5).

Note: It is advisable to reserve vancomycin, teicoplanin and rifampicin for MRSA infection or
serious S. aureus infections that do not respond to other anti-staphylococcal drugs.

Vancomycin Child: 45 mg/kg/day in 3 or 4 divided doses IV.
Adult: 1 g bd IV.
These are starting doses – amend according to levels achieved.

Available preparations: 250 mg and 500 mg vials. 
Administration: Intravenous infusion. Must be given slowly over a minimum of 

1 hour or at 10 mg/min.
Side effects: Infusion related events: ‘red man’ syndrome if infusion given too

quickly, nephrotoxicity, ototoxicity, reversible neutropenia and
thrombocytopenia. 

Note: Reduce dosage or avoid in renal impairment. Monitor levels after
3rd dose – trough levels of 5-10 mg/l are acceptable although a
trough up to 15 mg/l may be preferred in severe infections and peak
at 1 hr after completion of infusion of 18-25 mg/l. (Always check
local policy.)

Rifampicin Child: 10-20 mg/kg od PO.
Adult: 600-1200 mg in 2 to 4 divided doses.

Available preparations: Syrup 100 mg/5 ml.
Capsules 150 mg and 300 mg.

Administration: Use in combination with another appropriate antibiotic (e.g. fusidic
acid) to prevent resistance. Give on an empty stomach.

Side effects: Flushing and itching, gastrointestinal reactions, hepatitis,
thrombocytopenia, reddish discolouration of urine, sputum and
tears (soft contact lenses may be permanently stained). Use with
extreme caution in liver impairment, monitor liver function in
prolonged treatment. Rifampicin induces liver enzymes and
therefore the elimination of other drugs (e.g. oral contraceptives)
may be increased.

Teicoplanin Child: Severe infections 10 mg/kg every 12 hours for 3 doses and
then 10 mg/kg daily IV as single dose. 
Adults: 400 mg IV every twelve hours for 3 doses then 400 mg IV
daily.

Available preparations: Vials 200 mg and 400 mg.
Administration: By slow IV injection.
Side effects: Local reactions and hypersensitivity reactions. Caution if there has

been hypersensitivity to vancomycin.
See SPC for details.

Linezolid Child: <5 yrs 30 mg/kg/day in 3 divided doses.
>5 yrs 20 mg/kg/day in 2 divided doses.
Adult: 600 mg twice-daily.

Available preparations: 600 mg tablets and IV infusions,
Liquid 100 mg/5 ml.
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Administrations: Oral or intravenous.
Side effects: Many side effects including myelosuppression.  

Requires careful monitoring.
Note: A new preparation not licensed in children.  

Discuss with pharmacist and manufacturer (see Section 7.1.2).

9.4  Treatment for asymptomatic Haemophilus influenzae carriage or mild
exacerbations

Amoxycillin Child: 50-100 mg/kg/day in 3 divided doses. 
Or under 1 yr 125 mg tds, 
1-7 yrs 250 mg tds, 
>7 yrs 500 mg tds.
Adult: 500 mg tds.

Available preparations: 125 mg/1.25 ml, 125 mg/5 ml, 250 mg/5 ml syrup or suspension,
250 mg and 500 mg capsules. 

Administration: Absorption not affected by food.
Side effects: Nausea, diarrhoea and rashes.
Note: Up to 20% of H. influenzae isolates are now resistant to amoxycillin

– important to check sensitivity. Most have β-lactamase and will be
susceptible to amoxycillin/clavulanate which overcomes these.

Cefaclor Child: 1 mth-1 yr 125 mg tds, 1-7 yrs 250 mg tds, 
>7 yrs 500 mg tds PO.
Adult: 500 mg tds PO. 

Available preparations: 125 mg/5 ml, 250 mg/5 ml suspension, 
250 mg and 500 mg capsules, (375 mg MR tablets for bd dosage).

Administration: Absorption is not affected by food.
Side effects: Diarrhoea, nausea and vomiting, headache, allergic reactions and

blood dyscrasias. 

Cefixime Child: 6 mths-1 yr 75 mg od,
1-4 yrs 100 mg od, 
5-12 yrs 200 mg od, 
>12 yrs 400 mg od PO. 
Adult: 400 mg od PO.

Available preparations: 100 mg/5 ml suspension.
200 mg tablets.

Administration: Absorption not affected by food.
Side effects: Similar to those of cefaclor.
Note: Reserved for resistant H. influenzae infections.

Azithromycin as for Staphylococcus aureus (see Section 9.2)

9.5  Treatment of severe exacerbation of Haemophilus influenzae infection

Cefuroxime Child: 200 mg /kg/day 6 hourly IV.
Adult: 750 mg-1.5 g 6 hourly IV.

Available preparations: 250 mg, 750 mg and 1.5 g vials.
Administration: By slow intravenous injection.
Side effects: See cefaclor (see Section 9.4). Reduce dose in renal impairment.
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Cefotaxime Child: 150 mg/kg/day in 2 to 4 doses IV (max. 200 mg/kg/day).
Adult: 2 g tds IV (max. 12 g daily).

Available Preparations: 500 mg, 1 g, 2 g vials.
Administration: Slow IV injection.
Side effects: See cefaclor (see Section 9.4).
Note: Less active against S. aureus than cefuroxime.

9.6  Treatment of atypical infection e.g.Mycoplasma

Erythromycin Details in Section 9.2. 

Clarithromycin Child: <8 kg 7.5 mg/kg bd. 
1-2 yrs 62.5 mg bd. 
3-6 yrs 125 mg bd. 
7-9 yrs 187.5 mg bd. 
>10 yrs 250 mg bd.
IV dose 15 mg/kg/day in 2 divided doses.
Adults: 250 mg bd (max. 500 mg bd).
IV dose 15 mg/kg/day (max. 500 mg bd).

Available preparations: 125 mg/5 ml, tablets 250 mg and 500 mg. 
Also IV preparation 500 mg per vial.

Administration: Oral with food. IV dilute to 2 mg/ml and give over 1 hr.
Side effects: See erythromycin. A variety of drug interactions. See current SPC .

Important to see data sheet before using.

Azithromycin Details in Section 9.2.

9.7  Treatment of Pseudomonas aeruginosa infection – first isolates or in chronically
infected patients who have a mild exacerbation

A combination of oral ciprofloxacin and nebulised colistin is now widely used to eradicate early
P. aeruginosa infection (see Section 4.4 for details).

Ciprofloxacin Child: <5 yrs PO 10-30 mg/kg/day in 2 divided doses.
IV 8-16 mg/kg/day in 2 divided doses.
5-17 yrs PO 40 mg/kg/day in 2 divided doses 
(max. 1500 mg daily). 
IV 30 mg/kg/day in 2 divided doses.
Adult: PO 750-1000 mg bd.
IV 400 mg bd.

Available preparations: 100 mg, 250 mg, 500 mg, 750 mg tablets. 
Suspension 250 mg/5 ml. 
IV preparations are 100 mg, 200 mg and 400 mg. 

Administration: Avoid alcohol and exposure to strong sunlight.
Side effects: Side effects include nausea, vomiting, joint pain, abdominal pain,

headache, rash, dizziness, pruritus, hepatitis and jaundice. Nausea
commonly resolves after with lower doses. A photosensitive skin
erythema is relatively common. Use with caution in epileptic
patients. Reduce dose in severe renal impairment. 

Note: Ciprofloxacin is now licensed for acute pulmonary exacerbations
associated with P. aeruginosa in patients with CF aged 5-17 years
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and also for non-CF patients without a lower age limit. Although
there were initial concerns about arthropathy in weight bearing
joints in young animals, the drug has been widely used in children
with CF to treat P. aeruginosa infections with good effect and
without serious side effects. 

Antimicrobial sensitivity: While ciprofloxacin does have activity against gram-positive
infections, there is a high incidence of resistance in S. aureus after
repeated dosing. 

9.8  Treatment of early Pseudomonas aeruginosa infections not cleared by
ciprofloxacin and colistin and of moderate to severe exacerbations of Pseudomonas
aeruginosa infection 

Please see Section 6 for full discussion of intravenous antibiotic therapy and Section 6.6 for choice
of antibiotics.

First-line treatment

An anti-pseudomonal penicillin or ceftazidime in combination with an aminoglycoside is
recommended. Combination therapy minimises the risk of selecting resistant organisms and
produces useful synergistic effects. A combination of intravenous tobramycin and ceftazidime is
popular and effective if the organisms are sensitive.

9.8.1  Anti-pseudomonal penicillins

Ureidopenicillins (piperacillin) have greater antimicrobial activity against P. aeruginosa than the
carboxypenicillins (carbenicillin or ticarcillin). Anti-pseudomonal penicillins also have activity
against most H. influenzae but not S. aureus. The addition of a β-lactamase inhibitor tazobactam to
piperacillin (Tazocin) and clavulanic acid to ticarcillin (Timentin) confer activity against S. aureus.
Azlocillin ceased to be available in 1999. Piperacillin is only available combined with tazobactam.

Piperacillin/Tazobactam Child: 90 mg /kg/every 6-8 hrs IV.
Adult: 2.25 g to 4.5 g every 6-8 hrs IV.

Available preparations: 2.25 g (piperacillin 2 g and tazobactam 250 mg) 4.5 g (piperacillin 4 g
and tazobactam 500 mg) vials. 

Administration: Slow IV injection.
Side effects: Hypersensitivity reactions, gastrointestinal reactions, blood

dyscrasias.
Note: One adult CF Centre uses 4.5 g every 6 hrs. 

Licensed for children over 2 yrs. 

Ticarcillin/Clavulanic acid Child: 330-400 mg/kg/day IV in 4 divided doses.
Adult: 3.2 g 6 hourly IV (max. 24 g/day.)

Available preparations: 1.6 g (ticarcillin 1.5 g and clavulanic acid 100 mg). 
3.2 g (ticarcillin 3 g and clavulanic acid 200 mg) vials. 

Administration: IV infusion over 30-40 minutes.
Side effects: Gastrointestinal upset, rash, hepatitis and cholestatic jaundice. 
Note: Reduce dosage in renal impairment. May be useful in S. maltophilia

infection.
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9.8.2  Third generation cephalosporins

These should always be administered with another antibiotic, usually an aminoglycoside, so as to
reduce the emergence of resistant organisms and improves efficacy. They have little activity against
Staphylococcus aureus. 

Ceftazidime Child: 150 to 200 mg/kg/day in 3 divided doses IV. 
Can be given in 2 doses (max. 6 g/day).
Adult: 2 g to 3 g tds IV (max. 9 g/day). 

Available preparations: 250 mg, 500 mg, 1 g, 2 g and 3 g vials. 
Administration: Slow IV injection.
Side effects: Rash, hypersensitivity reactions, diarrhoea, nausea and vomiting,

headache and bad taste. 
Note: Reduce dose in renal impairment. 

One adult Specialist CF Centre uses up to 6 g every 6 hrs in
B. cepacia infections.

Second-line treatments

9.8.3  Other β-lactam antibiotics

These drugs can be used as second-line agents if hypersensitivity reactions have occurred following
anti-pseudomonal penicillins or cephalosporins provided the organisms are sensitive. Useful in
patients allergic to ceftazidime.

Aztreonam Child: 200 to 250 mg/kg/day in 4 divided doses IV
(max. 8 g in 24 hr).
Adult: 2.0 g 6 hourly.

Available preparations: 500 mg, 1 g and 2 g vials. 
Administration: Slow IV injection.
Side effects: Rash, blood dyscrasias diarrhoea, nausea, vomiting, jaundice and

hepatitis. 
Note: Reduce dose in moderate to severe renal impairment. 

Can be given as a tds regimen – 200-250 mg/kg/day in 3 divided
doses (equates to 80 mg /kg/dose) is used in one CF Centre without
problems. 

Antimicrobial sensitivity: A narrow spectrum of activity against gram-negative pathogens
including H. influenzae. No anti gram-positive activity, therefore
usually used in combination with an aminoglycoside.

Imipenem/Cilastin Child: 90 mg/kg/day in 4 divided doses IV (max. 4 g in 24 hrs).
Adult: 1 g tds IV (max. 4 g in 24 hrs).

Preparations available: 250 mg imipenem with 250 mg cilastin.
500 mg imipenem with 500 mg cilastin. 

Administration: 500 mg or less, infuse over 30 minutes,
>500 mg, infuse over 60 minutes.

Side effects: Rash, nausea, and vomiting (may be helped by reducing infusion
rate), blood dyscrasias, confusion, dizziness and seizures.

Note: Use with caution in patients with central nervous system disorders
and reduce dosage or avoid in renal impairment. 
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Resistance commonly selected in P. aeruginosa (only) when used as
monotherapy. 
As a β-lactam inducer it should never be prescribed with another
β-lactam antibiotic e.g. piperacillin, ceftazidime, aztreonam.

Antimicrobial sensitivity: Active against S. aureus and H. influenzae as well as P. aeruginosa.

Meropenem Child: 120 mg/kg/day in 3 divided doses IV (max. 2 g tds).
Adult: 1 g to 2 g tds IV.

Available preparations: 250 mg, 500 mg and 1 g vials. 
Administration: Slow IV injection.
Side effects: Skin reactions, gastrointestinal reactions, blood dyscrasias and

headache. 
Antimicrobial sensitivity: As for imipenem. Useful in B. cepacia infections.

9.8.4  Polymyxins

Indicated for IV treatment of multiresistant organisms where there are no available alternatives.
Active against most gram-negative organisms but not B. cepacia and not against any gram-positive
species. The majority of P. aeruginosa are sensitive; resistance has only very rarely been reported. In
practice a P. aeruginosa reported to be resistant to colistin often turns out to be some other
organism, such as B. cepacia.

Colistin Child: 50,000 to 75,000 units /kg/day IV in 3 divided doses.
Adult: 2,000,000 units IV 8-hourly

Available preparations: 500,000 and 1,000,000 unit vials. 
Administration: Slow IV infusion.
Side effects: Sensory disturbances, vasomotor instability, visual disturbance,

confusion and neurotoxiticy. 
Note: Reduce dosage in renal impairment and when used in combination

with nephrotoxic drugs. Monitor renal function.
Antimicrobial sensitivity: The majority of  P. aeruginosa are sensitive. Now frequently used in

some units where resistance to other drugs is a problem.

9.8.5  Aminoglycosides

These are used in combination with other treatments (see Sections 9.8.1 and 9.8.2) and have a
synergistic effect with β-lactams. Higher doses are required in people with CF owing to increased
plasma clearance. Consider hearing tests for those receiving repeated dosages. Tobramycin is
recommended, as it is more active against P. aeruginosa than gentamicin. (Please see Sections
6.6 to 6.8.)

Tobramycin Child: 10 mg/kg/day in 3 divided doses IV.
(also gentamicin) Adult: 9-12 mg/kg/day in 3 divided doses IV.
Available Preparations: Tobramycin 20, 40, 80 mg vials.

Gentamicin 20, 80 mg ampoules.
Administration: IV injection. Do not mix with other antibiotics in the same syringe.
Side effects: Nephrotoxicity and ototoxicity.
Note: Ensure adequate hydration and normal renal function at the start of

therapy. Monitor blood levels after the third dose and weekly
thereafter if satisfactory. Aim for trough <1 mg/l and peak 8-12 mg/l
(at 1 hr). Always discuss with local microbiologist, as routines for
determining blood levels vary. Reduce dosage in renal impairment.
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Antimicrobial sensitivity: Also active against S. aureus and H. influenzae. 
Note: Some Specialist CF Centres are now using once-daily treatment

(see Section 6.8). A multicentre UK trial of this practice started in
1999 and is due for completion in 2002. 
(Trial co-ordinated by Dr. Alan Smyth, City Hospital, Nottingham
who can provide further up-to-date information.)

Amikacin Child: 30 mg/kg/day in 3 divided doses IV.
Adult: 15 mg/kg/day in 2 doses IV.

Available preparations: 100 mg and 500 mg in 2 ml.
Note: Aim for trough level of <10 mg/l. Peak should not exceed

25 to 30 mg/l at 1 hr. 
Discuss with local microbiology laboratory. 

9.9  Nebulised anti-pseudomonal antibiotics 

There are currently two preparations licensed for the treatment of P. aeruginosa in cystic fibrosis,
colistin (Colomycin) and preservative free tobramycin (TOBI). Colistin is the drug of first choice
for nebulised use as resistance rarely occurs even after prolonged use. In combination with oral
ciprofloxacin it is the treatment of choice for early eradication of new P. aeruginosa infections (see
Sections 4.4 and 5.2). Nebulised colistin is widely used as long-term treatment for patients
chronically infected with P. aeruginosa (see Section 5).

Colistin Child: <2 yrs 1 mega unit bd.
>2yrs and Adult: 2 mega units bd. (see *Note below)

Available preparations: 500,000 and 1,000,000 unit vials. 
Administration: Details in Sections 5.7 and 5.8.
Side effects: Bronchospasm – may be prevented by an inhaled bronchodilator.

The tendency to bronchoconstriction can be reduced by the use of a
more isotonic solution. Transient sensory disturbances.

Note: Give first dose in hospital and measure lung function before and
after dose. 
*Some CF Centres recommend 1 mega unit bd. for children 
<10 yrs; others use 2 mega units bd. >2 yrs, as recommended
above, without problems.

Tobramycin Child >6 yrs and Adults: 300 mg bd. Alternating 28 days on
(Preservative-free TOBI) and 28 days off.
Available preparations: 300 mg in 5 ml preservative-free solution.
Side effects: Voice alteration, local effects, and tinnitus.
Notes: Alternative nebulised suppressive treatment for patients chronically

infected with P. aeruginosa. Give first dose in hospital and measure
lung function before and after dose. Tobramycin nebuliser solution is
licensed for use with the PARI LC Plus nebuliser (provided/ supplied
by Chiron) for long-term management of chronic pulmonary
infection due to P. aeruginosa in patients with CF aged 6 years and
older.
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Tobramycin Child: <5 yrs 40 mg bd. nebulised.
(and gentamicin) 5-10 yrs 80 mg bd. nebulised.
(Intravenous preparations) >10 yrs 160 mg bd. nebulised.

Adult: 160 mg bd. nebulised.
Available preparations: 40 and 80 mg vials. Use phenol-free formulations.
Administration: Dilute to 4 ml with 0.9% sodium chloride. 
Side effects: Local effects. Occasional bronchospasm.
Note: Give the first dose in hospital and measure respiratory function

before and after dosage.

9.10  Drugs used in the treatment of chronic Burkholderia cepacia infections 

Extended sensitivity testing may usefully identify oral antibiotics that can be used to treat
infections caused by this organism – some are listed below. It is advisable to discuss the occurrence,
treatment and general management of patients considered to be infected with B. cepacia with a
microbiologist experienced in this pathogen.  It is also suggested that all isolates should be sent by
the local laboratory to either the Edinburgh Cystic Fibrosis Microbiology Laboratory and
Repository (Professor John Govan Tel: 0131 650 3164) or the Laboratory of Hospital Infection,
Central Public Health Laboratory, London (Dr. Ty Pitt Tel: 020 8200 4400). Further details
available from the Cystic Fibrosis Trust Headquarters Tel: 020 8464 7211 .

Chloramphenicol Child: 50-75 mg/kg/day in 4 divided doses PO.
Adult: 50-75 mg/kg/day in 4 divided doses PO.
Max. dose 4 g in 24 hrs.

Available preparations: 250 mg capsules.
Administration: Absorption not affected by food.
Side effects: Blood disorders including aplastic anaemia. Monitor blood counts

before and during treatment.
Also gastrointestinal disturbances, peripheral and optic neuritis.

Antimicrobial spectrum: Also active against most H. influenzae and S. aureus.

Co-trimoxazole Child: 6 wks-6 mths 120 mg bd. PO.
6 mths-5 yrs 240 mg bd. PO.
6 yrs-12 yrs 480 mg bd. PO.
Adult: 960 mg bd. 

Available preparations: 240 and 480 mg/5 ml syrup and suspension,
480 mg and 960 mg tablets.

Administration: Absorption not affected by food.
Side effects: Gastrointestinal disorders, rash (discontinue immediately) blood

disorders (discontinue immediately), jaundice. Stevens Johnson
syndrome.

Antimicrobial spectrum: Also active against S. aureus and H. influenzae.
Notes: Also useful in S. maltophilia infections (see Section 7.2).

Doxycycline Child: contraindicated under 12 yrs.
>12 yrs 100-200 mg once a day PO.
Adult: 200 mg od PO.

Available preparations: 50 and 100 mg capsules 100 mg dispersible tablets.
Administration: Swallow whole with plenty of water while sitting or standing. 
Side effects: Gastrointestinal disorders, erythema (discontinue treatment),

headache and visual disturbances, hepatotoxicity.
Antimicrobial spectrum: Also active against most H. influenzae and some S. aureus.
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9.11  Treatment of more severe Burkholderia cepacia infection

Ceftazidime Details in Section 9.8.2.

Meropenem Details in Section 9.8.3.

Imipenem Details in Section 9.8.3.

For combinations see Section 7.4

9.12 Use of nebulised antimicrobials in chronic Burkholderia cepacia infection

Ceftazidime Child: 1 g bd. 
Adult: 1 g bd.

Available preparations: Details in Section 9.8.2
Administration: Dissolve in 3 ml water for injection.
Side effects: Sensitivity reactions. Local effects.

Taurolidine Adult: 4 ml of 2% solution bd.
See Section 5.6.
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10. ANTIBIOTIC-RELATED ALLERGIES AND DESENSITISATION

The ideal choice for intravenous therapy in respiratory exacerbations comprises a combination of
2 antibiotics to which the pseudomonas isolates are sensitive and which have synergistic activity i.e.
a β-lactam plus an aminoglycoside. 

However, patients with CF are at risk of developing allergic reactions to antibiotics because of
repeated high dose intravenous drug administration. 

The choice of antibiotics may be limited by a history of previous allergic reaction and patients may
thus be denied optimal treatment.

10.1  Extent of the problem

Hypersensitivity reactions are reported with most of the antibiotics in regular use for patients with
CF including aminoglycosides (Schretlen-Doherty & Troutman, 1995 [IV]), semisynthetic
penicillins (Moss et al, 1984 [IV]), β-lactams (Koch et al, 1991 [IV]) and quinolones (Lantner, 1995
[IV]). In one study of 121 patients with CF 75 (62%) experienced 125 reactions, those to
piperacillin being most frequent (50.9%) and aztreonam the least common (Koch et al, 1991 [IV]).
In another series, 18 of 53 patients with CF experienced a reaction including 33% of patients
treated intravenously and 9.5% of all IV courses: once again piperacillin was the most allergenic
antibiotic (Wills et al, 1998 [IV]). Seventy-one of 196 (36%) adults with CF experienced one or
more antibiotic hypersensitivity reaction (Etherington et al, 1998 [IV]).

10.2  Desensitisation

The idea of using a desensitisation method to prevent recurrence of allergic reaction in patients
with CF is well established (Moss et al, 1984 [IV]; Ghosal et al, 1997 [IV]). One regimen involves
administration of a 106-times dilution of the drug followed by 6 ten-fold increases in the
concentration until the therapeutic dose is given. Each dilution is infused consecutively over 20
minutes. During the desensitisation procedure, which takes about 2-3 hours, the patient is
observed for signs of allergy. If 7 infusions are tolerated, the therapeutic dose is continued until the
course is completed. In one series, 54 of 61 desensitisation procedures were successful (Etherington
et al, 1998 [IV]).

Desensitisation must be repeated in full for each course of treatment, and during any course of
therapy, if more than 1 day’s doses are omitted. If any of the escalating desensitisation doses is not
tolerated the process is abandoned and not repeated on that occasion.

Recommendations
Example of a desensitisation regimen [C]

● ceftazidime 0.004 mg in 50 ml sodium chloride 0.9% [NaCl]
ceftazidime 0.04 mg in 50 ml NaCl
ceftazidime 0.4 mg in 50 ml NaCl
ceftazidime 4 mg in 50 ml NaCl
ceftazidime 40 mg in 50 ml NaCl
ceftazidime 400 mg in 50 NaCl
ceftazidime 4,000 mg in 50 ml NaCl

● Each dose is infused consecutively over 20 minutes. If there is no adverse reaction the next
dose follows at once [C].
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● Adrenaline, hydrocortisone and an antihistamine should be readily available and the
appropriate doses for the patient known before starting the procedure [C].

● Facilities for full resuscitation should be close at hand [C].

Desensitisation for hypersensitivity to other antibiotics has been carried out successfully. Successful
desensitisation to tobramycin is reported where, interestingly, the tolerance was later maintained by
the use of long-term nebulised tobramycin (Schretlen-Doherty & Troutman, 1995 [IV]). Other
reports of desensitisation include ciprofloxacin (Lantner, 1995 [IV]) and patients with multiple
allergic reactions to both β-lactams and aminoglycosides (Earl & Sullivan, 1987 [IV]).
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Notes
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