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ABSTRACT

Background: RSV causes considerable morbidity and mortality in children. In cystic fibrosis
(CF) viral infections are associated with worsening respiratory symptoms and bacterial
colonization. Palivizumab is effective in reducing RSV hospitalisation in high risk patient
groups. Evidence regarding its effectiveness and safety in CF is inconclusive. CF screening

in N. Ireland enabled timely palivizumab prophylaxis, becoming routine in 2002.

Objectives: To determine the effect of palivizumab on RSV-related hospitalization and
compare lung function and bacterial colonization at age 6 years for those born pre and post

introduction of palivizumab prophylaxis.

Methods: A retrospective audit was conducted for all patients diagnosed with CF during the
period from 1997 to 2007 inclusive. RSV-related hospitalization, time to Pseudomonas
aeruginosa (PA) 1% isolate, lung function and growth parameters were recorded.
Comparisons were made for outcomes pre and post introduction of routine palivizumab

administration in 2002. A cost evaluation was also performed.

Results: 92 children were included; 47 pre and 45 post palivizumab introduction. The overall
RSV-positive hospitalization rate was 13%. The relative risk of RSV infection in palivizumab
non-recipients versus recipients was 4.78 (95% CI: 1.1 — 20.7), p 0.027. Notably, PA 1
isolate was significantly earlier in the palivizumab recipient cohort versus non-recipient
cohort (median 57 versus 96 months, p< 0.025) with a relative risk of 2.5. Chronic PA
infection at 6 years remained low in both groups, with similar lung function and growth
parameters. Total costs were calculated at £96,127 ($151,880) for the non-recipient cohort
versus £137,954 ($217,967) for the recipient cohort.

Conclusion: Palivizumab was effective in reducing RSV-related hospitalization infection in
CF patients. Surprisingly, we found a significantly earlier time to 1% isolate of PA in

palivizumab recipients which we could not explain by altered or improved diagnostic tests.



INTRODUCTION

Respiratory syncytial virus (RSV) is the most frequent cause of lower respiratory tract
infection (LRTI) in young children and by the age of two years, 80% of children have
encountered the infection. 2 Risk factors pre-disposing to severe RSV-related lower
respiratory tract infection (LRTI) include prematurity, bronchopulmonary dysplasia,
congenital heart disease and immunodeficiencies.®>® In patients with cystic fibrosis (CF) viral
infections have been shown to be associated with increased hospitalization rates and
decline in pulmonary function, resulting in short-term and long-term morbidity.”'° A marked
inflammatory response to RSV infection in patients with CF has been observed, with
reported hospitalization rates up to 14.6%. !!2 These infants often have a prolonged
hospital admission and some studies have noted a greater decline in lung function among
infants with CF with a history of RSV-related hospitalization than those who did not require

admission.*?

No vaccine against RSV is currently available and treatment of RSV bronchiolitis is largely
symptomatic. The monoclonal antibody Palivizumab is the only preventative therapy. It has
proven efficacy and safety against RSV in randomized controlled trials involving preterm
infants < 35 weeks’ gestational age, children aged < 2 years with severe chronic lung
disease and haemodynamically significant congenital cardiac disease.’®* Use of
Palivizumab in the CF population is not widespread practice. Recent surveys revealed its
use in only 8.8% of UK centres, with higher usage within North American centres, 75 % in
the US and 60% in Canada.’>'® The recent Cochrane review by Robinson et al. identified
only one randomised control trial on the use of palivizumab for prophylaxis against RSV
infection in CF. This study found admission rates were not decreased, however RSV
incidence was very small and the review determined that evidence is insufficient to draw

conclusions on the efficacy and safety of palivizumab in this group.**’

Few studies have investigated the use of palivizumab therapy to prevent RSV in CF. Most
are non-randomised, involving small numbers of patients with limited follow-up periods and
inconclusive results.'12 One US study in a large CF population found potential benefits to
using palivizumab however results were inconclusive due to the small event rate of RSV-
related hospitalization.!® A recent meta-analysis has found that prophylactic treatment with
palivizumab may be effective in reducing hospital admission rates due to RSV-related
LRTIs.2®



In Northern Ireland screening for cystic fibrosis has taken place since the 1980s. Early
identification of affected infants enabled the introduction of routine palivizumab
administration for since 2002. This was given to all CF infants at the start of their first RSV
season regardless of age with further doses in their second season for high-risk infants or
those less than l1-year-old This population therefore provides a unique opportunity to
examine the effect of palivizumab use in CF patients on rates of hospitalisation secondary to
RSV-related LRTI, as well as long term follow-up of its impact on lung function and bacterial

colonization rates.

METHODS

Design

We undertook a retrospective audit of outcomes for children born during the period from
1997 to 2007 at the Northern Ireland Regional Paediatric Cystic Fibrosis Centre. Our primary
objective was to compare RSV-related hospitalization in the cohort of children born pre
palivizumab prophylaxis (1997 to 2002 inclusive) with the cohort of children in the period
post palivizumab prophylaxis (2002 to 2007 inclusive). Our secondary objectives were to
assess lung function, growth parameters and bacterial colonization in the two cohorts when

each child had reached the age of 6 years.

Only children diagnosed via the neonatal screening program were included. Those born
outside of Northern Ireland and therefore not diagnosed on screening were excluded as they
could not have been offered timely palivizumab.

Data Collection

All patients were identified from the patient registry at the Northern Ireland Regional
Paediatric Cystic Fibrosis Centre. Baseline data were available to establish patient
demographics, neonatal course and genotype. Whether or not palivizumab was received,
age of first dose and number of doses received were recorded for each patient. Primary
outcome data were recorded for hospital admission secondary to RSV-related LRTI,
including duration of stay.

Secondary outcomes were noted for all patients, including age at first isolate of P.
aeruginosa (PA), as well as presence of chronic colonisation. Growth parameters, including
height (cm), weight (Kg) and BMI at age 6 years and forced expiratory volume in one second

(FEV1, % predicted) at age 6 years were recorded for both cohorts.

Parental consent is obtained as standard for patient data to be included in a national online

database that may be used anonymously for audit and research purposes. This audit was



conducted as part of a hospital service evaluation and therefore ethical approval was not

required.

Definitions

Genotype was defined according to the presence of delta F508 deletion and recorded for
each patient as homozygous F508del mutation, heterozygous F508del mutation or other (no
F508del mutation).

RSV-positive hospitalization was defined as any hospitalization for respiratory symptoms
during which it was determined that the infant had an RSV-positive infection by polymerase
chain reaction testing of nasopharyngeal secretions. In our unit all CF patients admitted to
hospital with respiratory symptoms routinely undergo viral testing of nasal secretions.
Importantly, all CF patients are managed in the Paediatric CF unit in Belfast and do not
attend peripheral hospital units for care, ensuring all hospital attendances are recorded

centrally.

Presence of bacterial colonisation was identified from individual bacteriology result records.
All bacteriology samples from the unit are processed using standardised techniques in the
microbiology laboratory at the Royal Victoria Hospital, Belfast. Cough swabs are taken at
least three monthly from birth as part of the routine care of every CF patient at the centre
and more frequently in periods of illness during which cough swabs and/or sputum swabs
will additionally be taken. P. aeruginosa chronicity was defined as having > 3 discrete P.

aeruginosa positive nasal/cough swabs or sputum culture results within a one year period.
Health economic evaluation

A basic health economic evaluation was conducted to compare costs of palivizumab
prophylaxis versus costs saved. Administration of palivizumab occurred during routine
clinics at the Northern Ireland Regional Paediatric Cystic Fibrosis Centre, performed by a
specialist nurse (client contact time 15 minutes). Resource use, including palivizumab
administration, hospital stay and follow up were costed in UK Sterling (£) (dollars calculated
using 2013/2014 average exchange rate) using unit costs from the National Schedule of
Reference Costs 2013-20142%°, the British National Formulary?!, and the Personal Social
Services Research Unit?? (see supplementary table). These data were used to calculate
total costs for each cohort. No discounting of costs was applied, as the time horizon was

less than 1 year.

Statistical analyses



Descriptive data is summarised as means (standard deviations, SD) or medians
(interquartile ranges). Children receiving palivizumab (those born after routine introduction
in 2002) were compared to those who did not receive palivizumab (those born before routine
introduction). Comparisons were made between cohorts using data collected aged 6 years.
The primary endpoint for comparison was hospitalization for RSV-related respiratory
infection (Yes v No), analysed using Fisher’s exact test. Secondary endpoints were Weight,
Height, BMI and FEV1 (% predicted) values at 6 years old. Student t-tests, Chi Squared and

Fisher’s exact tests were used.

Time to acquisition of PA was compared between those receiving palivizumab and those not
using the Wilcoxon test. We used Cox’s proportional hazard regression to determine
whether those receiving palivizumab (Yes v No) had the same effect on time to acquisition of
PA independently of genotype (homozygous, heterozygous, other) and gender. A p-value of
< 0.05 was taken as statistically significant. JMP version 12.1 (® SAS) software was used for
analyses and survival curve analysis graphs were produced using GraphPad Prism version
5.03 for Windows (GraphPad Software, La Jolla California USA).

RESULTS
Subjects

A total of 98 cystic fibrosis patients were identified as being born during the defined period, 6
were excluded due to being born outside Northern Ireland. All patients in the palivizumab
recipient cohort (those born after 2002, n=45) received palivizumab in their first year of life
before the onset of the RSV season. The average age at first dose of palivizumab was 99.4

days old and the average number of doses received was 5.1 (SD= 2.0).

A greater proportion of males (p=0.031) were noted in the palivizumab non-recipient cohort
(table 1). Statistically similar numbers of CF affected first degree relatives (p=0.14) were

observed in both cohorts, with similar CF genetic mutation classes observed (p= 0.45).
RSV-Positive Hospitalizations

The overall RSV-positive hospitalization rate is 13%. Relative risk of RSV infection in
palivizumab non-recipients versus recipients is 4.78 (95% CI: 1.1 — 20.7). Those who
received palivizumab were significantly less likely to be admitted to hospital for RSV-related
LRTI than non-palivizumab recipients: 2 / 45 versus 10/47, p=0.027 (median duration of

hospital stay 3 versus 10 days).



For one patient in the palivizumab non-recipient cohort data was not available for duration of

hospital stay secondary to RSV-related LRTI.
Growth parameters

No significant difference was noted for weight, height or BMI at age 6 years between

palivizumab and non-palivizumab recipients (table 2).
Lung function testing

No significant difference was evident between FEV1 (% of predicted value) at 6 years of age
between cohorts (Table 2). No difference was noted in FEV1 at 6 years of age in patients

with RSV-related hospital admission versus non-admission regardless of palivizumab status.
Bacterial colonisation rates

Of note, there was a significant difference in the median time to first isolate of PA between
cohorts with a significantly earlier time to first isolate noted in the palivizumab recipient
cohort. Using survival analysis modelling (Figure 1), the median time to P. aeruginosa first
isolate in the palivizumab non-recipient cohort was 96 months versus 57 months in the

palivizumab recipient cohort (Wilcoxon test, p 0.025).

The risk ratio of PA first isolate in males versus females (irrespective of palivizumab status)
was 2.05, p 0.006. PA first acquisition by genotype is illustrated in figure 2. The relative risk
of PA first isolate for homozygous F508del versus other genetic mutations was 4.5 (p
<0.001) and overall, males with homozygous F508del mutation had the highest risk of first

PA acquisition irrespective of palivizumab status.

Having adjusted for gender and genotype, the relative risk of PA first isolate during the study
time period in the palivizumab recipient cohort versus non-recipient cohort was 2.5, p 0.001
(95% ClI: 1.44 — 4.2).

The separation in survival curves is noted to occur from 2 months of age. Two infants noted

to have PA acquisition at 2 months of age both received palivizumab at 24 days of age.

Importantly, no significant difference was noted for chronic P. aeruginosa infection rates at 6
years old between cohorts. Only 3 patients had chronic P. aeruginosa infection aged 6
years in the palivizumab non-recipient cohort and 2 patients in the palivizumab recipient
cohort.

Health economic evaluation



From a UK National Health Service perspective, the total costings for the palivizumab
recipients over the time period were £137,954 ($217,967) and in the palivizumab non-
recipient group costs amounted to £96,127 ($151,880), as shown in table 3. The estimated
costs of palivizumab and its administration over the five years post introduction are £133,794
($211,394) and the estimated costs saved from reduced RSV-related hospital stay in

palivizumab recipients (compared to non-recipients) are £91,967 ($145,307).
DISCUSSION

To our knowledge, this is the first long-term follow up of CF infants following palivizumab
prophylaxis for RSV. We found a significant reduction in RSV-related hospitalisation in
patients who received prophylactic palivizumab versus those who did not. However, in view
of the small numbers included in this study it is difficult to make robust statements on this
outcome. A recent study in Limerick, Ireland, did not demonstrate any significant difference
in outcomes with palivizumab use, although notably, this study was not conducted in a
screened population.??> Our study represents a unique opportunity to present outcomes in a
screened population where care is provided by a single team delivering standardised care

over the duration of the period studied.

Reduced lung function following RSV infection in CF patients has been noted in previous
studies at follow-up times less than one year.!? Our findings did not demonstrate any
significant difference in lung function at 6 years between cohorts despite reduced RSV
infection rates with use of palivizumab. A possible explanation for this is that any
deterioration in lung function may be a short term effect, not persisting into early childhood.
Of note, FEV1 may not be the most sensitive measure of lung damage in CF patients and is
often preserved in this age group. Alternative measures of lung function may prove more
useful in this context. The lung clearance index (LCI), for example, reflects abnormalities of
the small airways and therefore detects earlier signs of lung injury in CF which may be
different between groups at this early age.?* However, at present, alternative lung function
measurements such as LCI are not undertaken at our centre and were therefore unavailable

for comparison.

Limited data exists on other important outcomes in relation to palivizumab prophylaxis in CF
patients, particularly in relation to bacterial colonisation. The interaction of bacterial
colonisation and viral infection in CF is not fully understood. It has been extensively
demonstrated that lung function deteriorates significantly after colonisation by PA.?
Enhanced bacterial adherence to virus infected cells may facilitate bacterial colonisation in
CF patients.?? 60-68% of new bacterial colonisation cases are detected during the viral

season and 85% of new PA colonisations occur within three weeks of a viral infection.22627



Furthermore, human airway epithelial cells infected with RSV demonstrate enhanced
binding of several species of bacteria and one study has detected a rise in antipseudomonal
antibodies following viral infection in patients suffering from CF, with the strongest

association after RSV infection.?®

Our findings did unexpectedly demonstrate a significant decrease in the age of first isolation
of PA in patients who had received palivizumab in comparison to those who did not. These
surprising results are apparently contradictory to the assumption that prevention of RSV-
related LRTIs with palivizumab will lead to decreased rates of PA colonisation. Although we
cannot fully exclude this we do not believe that these results can be explained by altered or
improved diagnostic tests as there has been no change in how these are performed

throughout the observed study period in our clinic.

It is important to emphasise that our results found low overall chronic PA colonization rates
at age six years and did not show any significant difference between cohorts. This is not
surprising given that aggressive eradication regimes are routinely implemented following first
isolate of PA. Our findings also demonstrated a greater risk for first acquisition of PA in
patients who are F508del homozygous compared to other genetics. This result is in line with
recent findings from the US national prospective EPIC Observational Study on risk factors

for first isolate of PA in CF patients.?

This study has a number of limitations which merit consideration. It is an observational study
taken retrospectively and only involves a single centre. Possible confounding from factors
known to be associated with early pseudomonas acquisition, including, presence of affected
family members, meconium ileus and genetics, were assessed between groups and no
statistical difference was noted. All patients included had received flucloxacillin from birth.
Throughout the included period there was no difference in lab analysis methods for detecting
pseudomonas and standard care was delivered by the same members of the CF team for all
patients. However, this study does not account for possible unidentified confounding factors.
For example, it is impossible to account for the influence of parental smoking on results.
Additionally, patients receiving palivizumab were born later and differences in care delivered
within the CF unit over time may have impacted results. Better community care available in
more recent years within the unit may have reduced the need for hospital admission
secondary to RSV-related LRTI and thus given the appearance of reduced hospitalization in
those receiving palivizumab. In relation to age of first PA isolate, changes in unit practice
may have inadvertently contributed to this. However, overall rates of chronic PA in our unit
have decreased since 2002. More stringent isolation measures were introduced within the

unit from 2002 for both inpatients and outpatient care in association with improved hygiene



education for parents. These measures might have reasonably been expected to result in a

later age of first isolation in palivizumab recipients rather than the earlier age observed.

The cost comparison highlights the higher costs associated with a program delivering
palivizumab as a prophylaxis to CF patients, from a payer perspective. This aligns with
previous findings in high-risk paediatric populations, where the high costs of administering
the drug were greater than the reduction in costs of hospitalisations for RSV-related LRTIs.
27.28 However, caution is needed in the interpretation of this partial economic evaluation.
Assumptions relating to the administration of palivizumab by a specialist nurse during routine
clinics and the use of 100mg vials per dose may have underestimated the costs of
prophylaxis in the recipient cohort. Likewise, the costs of hospitalisations may have been
underestimated with the use of a payer perspective, with no consideration of costs in relation
to antibiotic use and a lack of long-term complications of LRTIs being taken into account.
The economic burden of RSV-related hospitalisations and LRTIs on patients, families and
health services should be incorporated into future, full economic evaluations. With a societal
perspective and the measurement of cost per quality-adjusted life years, the true cost-utility

of palivizumab in CF patients may be identified.

The main strength of this study is that it includes a screened population managed within the
same unit over an extended period of time where routine palivizumab prophylaxis has been
introduced since 2002. An additional asset of the study is the long length of follow-up data

available for analysis.

While it is likely that an unknown confounding factor may account for the apparent earlier PA
acquisition in palivizumab recipients the difference merits further consideration. Given that
many countries have commenced routine CF screening, timely palivizumab prophylaxis is
now an option. This is a very costly therapy that will necessitate additional resources and
therefore we strongly believe that a double blind randomised control trial is required with

longer term follow up before this therapy becomes introduced to standard care.

CONCLUSION

This present study demonstrates reduced RSV-related LRTI hospitalisation in infants with
CF who receive palivizumab prophylaxis. Of note, the partial cost analysis highlights the
higher costs associated with palivizumab as a prophylaxis to CF patients compared to
savings from reduced hospitalisations. Importantly, we observed an unexpected and

potentially worrying trend towards earlier P. aeruginosa first acquisition in patients with CF



who receive palivizumab prophylaxis. We do highlight this is a sub-optimal study design and

therefore no compelling conclusions can be drawn, however we add to the call for an urgent

new clinical trial to clarify the efficacy and safety of palivizumab in infants with cystic fibrosis.

10.

11.

12.

References

Goddard NL, Cooke MC, Gupta RK, Nguyen-Van-Tam JS. Timing of monoclonal
antibody for seasonal RSV prophylaxis in the United Kingdom. Epidemiol. Infect
2007; 135, 159-162. DOI:10.1017/S0950268806006601

Muller-Pebody B, Edmunds WJ, Zambon MC, Gay NJ, Crowcroft NS. Contribution of
RSV to bronchiolitis and pneumonia-associated hospitalizations in English children,
April 1995-March 1998. Epidemiol Infect 2002; 129: 99-106.DOI:
10.1017/S095026880200729X

Purcell K, Fergie J. Driscoll Children’s Hospital respiratory syncytial virus database:
risk factors, treatment and hospital course in 3308 infants and young children, 1991
to 2002. Pediatr Infect Dis J 2004; 23 : 418-423.

Greenough A, Alexander J, Burgess S, Bytham J, Chetcuti PAJ, Hagan J, Lenney W,
Melville S, Shaw NJ, Boorman J et al. Health care utilisation of prematurely born,
preschool children related to hospitalisation for RSV infection. Arch Dis Child 2004;
89: 673-678. DOI: 10.1136/adc.2003.036129

Mussi-Pinhata M, Motta F, Freimanis-Hance L, Freimanis-Hance L, de Souza R,
Szyld E, Succi RCM, Christie CDC, Rolon MJ, Ceriotto M et al. Lower respiratory
tract infections among human immunodeficiency virus-exposed, uninfected infants.
IntJ Infect Dis 2010; 14 : e176-182. DOI: 10.1016/}.ijid.2010.01.006

Thornburn K. Pre-existing disease is associated with a significantly higher risk of
death in severe respiratory syncytial virus (RSV) infection. Arch Dis Child 2009; 94:
99-103.

Collinson J, Nicholson KG, Cancio E, Ashman J, Ireland DC, Hammersley V, Kent J,
O’Callaghan C. Effects of upper respiratory tract infections in patients with cystic
fibrosis. Thorax 1996; 51: 1115-1122.

Peterson NT, Hoiby N, Mordhorst CH, Lind K, Flensborg EW, Bruun B. Respiratory
infections in cystic fibrosis patients caused by virus, Chlamydia and mycoplasma —
possible synergism with Pseudomonas aeruginosa. Acta Pediatr Scand 1981; 70:
623-628.

Zheng S, De BP, Choudhary S, Comhair SA, Goggans T, Slee R, Williams BRG,
Pilewski J, Haque SJ, Erzurum SC. Impaired innate host defense causes
susceptibility to respiratory virus infections in cystic fibrosis. Immunity 2003; 137: 35-
40.

Raza MW, El Ahmer OR, Ogilvie MM, Blackwell CC, Saadi AT, Elton RA, Weir DM.
Infection with respiratory syncytial virus enhances expression of native receptors for
non-pilate Neisseria meningitides on Hep-2 cells. FEMS Immunol Med Microbiol
1999; 23: 115-1124.

Speer ME, Fernander CJ, Boron M, Groothuis JR. Use of Palivizumab for prevention
of hospitalization as a result of respiratory syncytial virus in infants with cystic
fibrosis. Pediatr Infect Dis J 2008; 27: 559-561.D0I:10.1097/INF.0b013e3181673c15
Giebels K, Marcotte JE, Podoba J, Rousseau C, Denis MH, Fauvel V, Laberge S.
Prophylaxis against respiratory syncytial virus in young children with cystic fibrosis.
Pediatr Pulmonol 2008; 43: 169-174.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Robinson KA, Odelola OA, Saldanha 1J, Mckoy NA. Palivizumab for prophylaxis
against respiratory syncytial virus infection in children with cystic fibrosis (Review).
Cochrane Database of Systematic Reviews 2013, Issue 6. DOI:10.1002/14651858.
Feltes TF, Cabalka AK, Meissner HC, Piazza FM, Carlin DA, Top FH Jr, Connor EM,
Sondheimer HM. Palivizumab prophylaxis reduces hospitalization due to respiratory
syncytial virus disease in young children with haemodynamically significant
congenital heart disease. J Pediatr 2003; 143: 532-540.

McCormick J, Southern KW. A survey of palivizumab for infants with cystic fibrosis in
the UK. Arch Dis Child 2007; 92: 87-88.

Giusti R. North American synagis prophylaxis survey. Pediatr Pulmonol 2009; 44:
96-98.DOI: 10.1002/ppul.20922

Cohen AH, Boron ML, Dingivan C. A phase IV study of the safety of SynagisTm
(Palivizumab) for prophylaxis of respiratory syncytial virus. Proc Am Thorac Soc.
2005; 2: A189.

Winterstein AG., Eworuke E, Xu D, Schuler P. Palivizumab immunoprophylaxis
effectiveness in children with cystic fibrosis. Pediatr Pulmonol 2013; 48: 874-884.
DOI: 10.1002/ppul.22711

Sanchez-Solis M, Gartner S, Bosch-Gimenez V, Garcia-Marcos L. Is palivizumab
effective as a prophylaxis of respiratory syncytial virus infections in cystic fibrosis
patients? A meta-analysis. Allergol immunopathol 2015; 43: 298-303. DOI:
10.1016/j.aller.2013.09.003.

Department of Health. NHS Reference Costs 2013-2014. London: Department of
Health, 2014.

British National Formulary. London: BMJ Group and the Royal Pharmaceutical
Society of Great Britain, 2014.

Curtis L. Unit Costs of Health and Social Care 2014. Canterbury: Personal Social
Services Research Unit, University of Kent, 2014.

Linnane B, Kiernan MG, NH, Kearse L, Dunne CP. Anti-RSV prophylaxis efficacy for
infants and young children with cystic fibrosis in Ireland. Multidis Resp Med 2015;
10:32. DOI: 10.1186/s40248-015-0029-9.

Davies, JC, Cunningham S, Alton EWFW, Innes JA. Lung clearance index in CF: a
sensitive marker of lung disease severity. Thorax 2008; 63: 96-97.
DOI:10.1136/thx.2007.082768.

Welsh L, Robertson CF, Ranganathan SC. Increased rate of lung function decline in
Australian adolescents with cystic fibrosis. Pediatr Pulmonol 2014; 49:873-7. DOI:
10.1002/ppul.22946

Bonfield TL, Konstan MW, Berger M. Altered respiratory epithelial cell cytokine
production in cystic fibrosis. J Allergy Clin Immunol 1999; 104 :72-8.

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

Abman SH, Ogle JW, Butler-Simon N, Rumack CM, Accurso FJ. Role of respiratory
syncytial virus in early hospitalizations for respiratory distress of young infants with
cystic fibrosis. J Pediatr. 1988; 113:826-30.

Rosenfeld M, Emerson J, McNamara S, Thompson V, Ramsey BW, Morgan W,
Gibson RL. Risk factors for age at initial Pseudomonas acquisition in the cystic
fibrosis epic observational cohort. J Cystic Fib 2012; 11:446 - 453.

Thomas M, Bedford-Russell A, Sharland M. Hospitalisation for RSV infection in ex-
preterm infants — implications for use of RSV immune globulin. Arch Dis Child 2000;
83: 122-127.

Marchetti A, Lau H, Magar R, Wang L, Devercelli G. Impact of palivizumab on
expected costs of respiratory syncytial virus infection in preterm infants: potential for
savings. Clin Ther 1999; 21: 752-766.






