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Abstract

Infection with P. aeruginosa (PA) is a milestone in the natural course of Cystic Fibrosis (CF), since its presence is associated with worsening of lung function 
and is a significant predictor of mortality. Besides through microbiology culture of the bacteria, PA infection could be detected with the immune response of 
the microorganism.

For a 1-year period we analyzed retrospectively the data of 140 patients with CF (77 males and 63 females, aged from 0 up to 62 years). 91 patients 
covered the criteria for a chronic PA infection (65.4%). A serum test for antibodies against PA with ELISA-ready kit was done to the rest of the patients (49) 
and on a random principle to 15 of the chronically infected ones. 

From the studied group in 25 patients (39.06%) PA was not identified in the microbiological sample but elevated antibody titer was found. Almost half 
of those patients (12) had titre levels corresponding to a chronic infection. For those patients additional microbiology tests were performed and antibiotic 
treatment for some was done by consultant decision. In the follow up (in the range of 3 to 12 months) in 8 patients РА was identified in the sputum. 

This serology method has not yet been routinely applied in Bulgaria where one of the highest rates of chronic PA colonization in CF patients in Europe 
is reported. Routine inclusion of the serological test in the management plan for these patients might reduce this negative trend, through early initiation of 
eradication antibiotic regimens.

ABBREVIATIONS
 CF: Cystic Fibrosis; CFTR: Cystic Fibrosis Transmembrane 

Conductance Regulator; PA: Pseudomonas Aeruginosa; FEV1: 
Forced Expiratory Volume for 1 second; BMI: Body Mass Index; 
ELISA: Enzyme-Linked ImmunoSorbent Assay

INTRODUCTION
Cystic fibrosis (CF) is the most common life-threatening 

inherited genetic disorder in the Caucasian population [1,2]. 
It is caused by mutations in the cystic fibrosis transmembrane 
conductance regulator (CFTR) gene. In Bulgaria one in every 
25 persons carry the mutated recessive gene and more than 
1 in 3000 live births suffer from CF [3]. By the 1930s: the life 
expectancy of a baby with CF was only a few months, while in the 
1980s, most deaths from CF occurred in children and teenagers. 

Today with improved treatments, nearly 40 percent of the CF 
population is aged 18 and older, and according the most recent 
publications for a person with CF the median age of survival is 
nearly 37 years [1,2].

Cystic Fibrosis affects a number of organs in the body, as cycles 
of infection and inflammation lead to a progressive deterioration 
of lung function. As a result of the disturbance in the ion secretion, 
the periciliar fluid is significantly less, which prevents normal 
muco-ciliary transport and mediates chronic bacterial infection. 
As a result, there is chronic airway inflammation [4].

During the different age period there is airway bacterial 
diversity (Figure 1) [5]. Initially there is an increase during 
childhood of gram-positive bacteria followed by glucose-non-
fermenting gram-negative ones. The airway bacterial diversity 
peaks in young adulthood declines with advancing age and lung 
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disease progression. At end-stage disease, bacterial communities 
may be dominated by a single species, most often a “typical” 
cystic fibrosis opportunistic pathogen [5].

Respiratory infection with Pseudomonas aeruginosa (PA) is a 
leading cause of morbidity and mortality in patients with CF [6-8].
The presence of PA in the lower airways is associated with a more 
rapid decline in pulmonary function, worsening of nutritional 
status, more hospital admissions, and a shorter life expectancy 
[9-11]. Patients with chronic PA infection are 2-3 times more at 
risk for fatal outcome in the subsequent eight years, compared to 
non-chronically infected patients [10,12]. It is known that chronic 
infection is preceded by intermittent colonization [13-17]. In 
some patients the colonization may persist for 1-2 years before 
initiating the immune response, due to the presence of transit 
non-pathogenic strains or due to an inadequate immune response 
of the microorganism [14,18]. The isolation of PA from sputum/
deep throat swab is not equal to presence of an infection unless 
the humoral response is available microorganism [17,19]. Once 
chronic infection with PA is established, it is almost impossible 
to eradicate it [20]. Eradication protocols for newly acquired 
PA were shown to eradicate PA in about 80% of the cases in 
both different randomized trials and in real-life studies [21,22]. 
Despite these data, based on genetic analysis of pathogens in 
patients with CF it was proven that in up to 70% of the successful 
“eradicated” cases, new colonization from the same genetic strain 
are found in future with the. This suggests for a possible delay of 
the infection [23].

Detecting PA in CF patients could be sometimes quite 
challenging. These patients in nearly 30-35% have difficulties in 
expectorating sputum (even after induction). By now we know 
that routine methods detect roughly 1% of bacterial pathogens 
in CF, another problem faced in these patients is the formation of 
biofilms by the bacteria and the biodiversity especially regarding 
Pseudomonas aeruginosa (PA) infection. (Figure 2) [24].

Besides microbiologic cultivation of the bacterium, the 
PA infection can be found through the immune response of 

macroorganism. Numerous studies on the detection of antibodies 
against PA by enzyme-linked immunosorbent assay (ELISA) 
have proven missing or minimal interference of cross reacting 
antibodies against other bacteria. Levels of antibodies may serve 
as a marker for follow up – due to the proven higher levels in 
cases of mucoid phenotype, as well as to determine the type of 
infection-chronic or intermittent [25,36]. Such research is not 
done routinely in Bulgaria. 

The purpose of this study is compare the results from 
serological and microbiological results in CF patients regarding 
the PA infection in attempt to explain the fact that relatively 
high number of CF patients in Bulgaria are treated with inhaled 
antibiotics for chronic infection with PA (57,55% of all CF patients 
and 70,79% of patients aged 6 years and over)

MATERIALS AND METHODS
After obtaining a signed informed consent we included 140 

patients with proven CF in Bulgaria (77 males and 63 females, 
aged from 0 to 62 years). Anthropometric data (height and 
weight) in all patients were measured with a calibrated balance 
and meter (Detectoscale, USA). Patients over 6.5 years of age 
performed functional study of the breathing with Masterscreen 
Pneumo spirometer ‘ 98 (Jager®, Wuerzburg, Germany), with 
drawing curves in real time and automatic correction (BTPS), in 
accordance with world standards by complying with the criteria 
for repeatability and reproducibility. From 3 ml venous blood, 
after the separation of serum antibody titre measurement was 
done through ELISA test kit ready (Pseudomonas-CF-Serum 
IgG, Statens Institut, Denmark) following a well-established 
methodology [27,28]. Sample from sputum/deep throat) swab 
was microbiologically tested for precise identification of gram-

Figure 1 Schematic representation of airway bacterial community diversity 
(number and abundance) versus patient age or lung disease severity (by Chmiel 
JF et al. Annal ATS 2014).

Figure 2 Different parts of the lung due to inhomogeneous changes 
provide different environment for the P. aeruginosa colonies, thus 
they grow with different nutritional requirements and antibiotic 
resistance. Therefore the therapy effective in some parts of the lung 
[25] (by J orth P, et al. Cell Host & Microbe 2015).
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negative non fermenting microorganisms at the Department of 
medical microbiology, MU-Sofia, in accordance with international 
standards using BBL Crystal identification system (Becton 
Dickinson, USA) [17,29]. 

RESULTS AND DISCUSSION
The initial patient characteristics are shown on Table 1. For 

chronic PA infection were considered patients with 3 positive 
cultures for a period of 2 years. 91 covered these inclusion 
critheria (65.40% of all) – 66.6% of adults and 64.68% of children. 
These are the highest chronic PA data in Europe, the closes 
ones are those of Moldova (64.58%) and Greece (60%) for the 
children, while for the adults the closest numbers are reported in 
Macedonia and Sweden-59%. Fifteen of these chronically infected 
patients (on randomized principle) and all other patients (49) 
not meeting the criteria for chronic PA infection were included in 
the further immunological study. According the microbiological 
findings those 64 patients were divided in 3 groups: 

1st group – without isolated РА at the moment or at any other 
time before 

2nd group – without isolated РА at the moment, but with 
history with previous isolation 

3rd group – with chronic РА infection. 

Table 2 covers the results of the patients in each group 

In examining the specificity and sensitivity of the quantitative 
diagnostic test, we constructed Receiver Operating Characteristic 
(ROC) curves that graphically represent the relationship between 
sensitivity (indeed positive values) as a function of 1-specificity 
(false positives). The ROC curve shows the discriminatory power 
of the test using the area under curve (AUC). We counted the level 
of antibodies as a predictor for isolating PA from sputum / deep 
throat secretion. 

For antibody titre below 25 U/ml (considered as an indicator 
for lack of any infection) AUC 0.337, p = 0.031, at a titer between 
25 and 50 U/ml (considered as an indicator for intermittent 
infection) AUC 0.472, p = 0.749, at a titer above 50 U/ml 
(considered as an indicator for chronic infection) AUC 0.688, p 
= 0.014.

Corresponding analysis between the presence or absence 
of PA in the sputum and the interpretation of the antibody titer 
revealed a significant association (p = 0.002)

Our results suggest that there are some limitations to the 
microbiological culture study, which may not fully reflect the 
lung microbiome.

In a time where for CF patients PA and S. aureus are named the 
principle pathogens, and chronic infection is presumed as natural 
consequence of exposure, introduced once yearly prevalence 
reporting of pathogens provided a reasonable assessment of 
airway microbiology [1,2,29]. This assessment can serve as the 
basis for the efficiency of diagnosis and therapeutic measures 
applied. However, in the UK, when comparing different cohorts 
of children born with CF in 2008-2010 to the ones with CF born in 
the period 2011-2014 years completely unexpected for scientists 
was the discovery that the median age of first onset of PA is 10.8 

months earlier for the later cohort. Such a comparison group, 
born between 1990-2001 and those between 2002-2014 proves 
that chronic infection with PA develops on average 6 years earlier 
in the second group [30]. One of the possible explanations for this 
fact is that modern children with CF get infected with PA earlier, 
leading to an earlier chronification. Another possible explanation 
is the earlier and reliable modern diagnosis when combining 
serological, microbiological and genetic approach. 

A number of longitudinal studies prove the presence of high 
titre antibodies within 3 years prior to isolation in a culture of 
PA-i.e. antibody titre could be used as an early diagnostic marker 
for infection with PA [31].

It is possible that the titre of antibodies to be within the 
normal range (for uninfected or healthy person) just before the 
initial isolation, but in follow up it rises within 2 months [32]. The 
continued colonization in both cases leads to an increase in titre. 

The presence of systemic immune response over the border 
of the norm is an indicator of tissue invasion and infection. At 
the same time the single isolation of PA, followed by a decline of 
the antibodies is a marker for an absence of infection [19,24,33]. 
In the presence of systemic corticosteroid treatment however, 
antibody titre is low, despite the presence of intermittent PA and 
thus it could not be used as a standalone biomarker [34].

In two patients, in which for the first time was isolated PA 
and high titre of antibodies an aggressive eradication therapy 
was performed. Positive results (drop in antibodies to the normal 
range, clinical improvement and negative microbiological results) 
were reported on the 6th month. For eradication it is considered 
lack of isolated microorganism and levels of antibodies within 
the normal low antibody titre (<25 U/ml) in the two patients is a 
good marker for a successful eradication, in accordance with the 
published literature [34,35]. 

In the all nine treated patients as expected clinical 
improvement was achieved, supported by serological testing, 
proving the applicability of the method in the follow-up plan. In 
one patient with observed negative trend and increased antibody 
titre, notwithstanding the absence of an isolated PA of sputum for 
the past 13 years, we also began antibiotic treatment according 
eradication protocol. 

Many studies focus on the prolonged effect of aggressive 
treatment of infection with PA. They impose the need for the 

Table 1: Patient’s characteristics.

Males (n=77) Females (n=63)
Mean age in years ± SD
(min-max) 

16.392  ±10.12
(0-42)

19.310±12.08
(0-62)

FEV1  %  mean  ± SD 
(min-max)

67,162±28.31
(1.75	 - 128.54)

66,018±25,617
(17.06 - 129.5)

BMI ZScore  mean  ± 
SD 
(min-max)

-1.379±1.636
 (-3.36 - +2.43)

-1.4500±1.30519
(-4.1 - +2.28)

Chronic PA infection 
(yes:no) 48:29 43:20

Abbreviations: FEV1: Forced Expiratory Volume for 1 Second (The Best 
Value for the Year of Each Patient); BMI: Body Mass Index; SD: Standard 
Deviation
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early initiation of inhaled antibiotic, in order to preserve the lung 
as long as possible, because the decline in the indicators of the 
functional testing of breathing is inevitable in the natural course 
of the disease [35,36].

PA remains the most frequent and significant pathogen 
for patients with CF. Its successful eradication is significant 
and economically an important objective for the treating CF 
team. Although difficult to be achieved, this task is attainable 
in accordance with the established protocols. In cases with 
eradication failure and thus chronification of the infection, the 
correct choice of antibiotic, the exact dosage and duration are 
associated with better quality of life and prolonged survival. 
It is important to note that the choice of antibiotic is at the 
discretion of the treating doctor in accordance with clinical and 
microbiological findings. 

CONCLUSION
With this study, we have proven the good correlation 

between serology and microbiology as well as the possibility of 
early detection of potential infection and aggressive treatment 
prior to the actual microbiological isolation of PA. Similarly, 
to longitudinal studies our studies have shown the ability of 
serological tests to “spot” PA infection months before positive 
microbiological culture. This serology method has not yet been 
routinely applied in Bulgaria where there is one of the highest 
rates of chronic PA colonization in CF patients in Europe, 
probably due to the late PA confirmation and delayed eradication 
regimens. Timely and accurate detection of PA is crucial for 
therapy and prognosis. Routine inclusion of testing for antibodies 
against PA in the management plan for these patients might 
reduce this negative trend, through early initiation of eradication 
antibiotic regimens. 

Our results confirm the role of antibodies as a useful marker 
for the progress of the infection and response to antibiotic 
treatment in patients with CF. Though still not universal approach; 
this is a step forward to the ideas of the microbiological and 
immunological phenomena, standing at the base of the infection 
with the PA in patients with CF. 

The complex microbiology in CF requires the use of selective 
tools for atypical pathogens and specialized knowledge for:

a) Prevention, including avoiding cross-contamination, 

b) Antibiotic therapy, including combinations, synergy tests, 
etc.,

c) Infections in the form of biofilm and chronicity of infections, 

d) Side effects of antibiotics. 

Such knowledge and skills can be acquired only through the 
close and long-term cooperation between doctors and the clinical 
microbiologist. Interdisciplinary teams should regularly discuss 
each patient and its diagnostic and therapeutic problems.

ACKNOWLEDGEMENTS
The study was carried out with the support of the Council for 

science, Medical University- Sofia (project No. 512/2016, grant 
No. 64/2016).

REFERENCES
1.	 Cystic Fibrosis Foundation National Patient Registry Annual Data 

Report. 2015.

2.	 European Cystic Fibrosis Society Patient Registry Annual Data Report 
2015.

3.	 Petrova G, Yaneva N, Kalcheva M, Alexiev A, Mihova R, Atanasova S, et 
al.  Pilot data from the bulgarian cystic fibrosis registry. Rare dis and 
orphan drugs. 2016; 7: 11-16 (in Bulgarian).

4.	  Gibson RL, Burns JL, Ramsey BW. Pathophysiology and management 
of pulmonary infections in cystic fibrosis. Am J Respir Crit Care Med. 
2003; 168: 918-951.

5.	 Chmiel JF, Aksamit TR, Chotirmall SH, Dasenbrook EC, Elborn JS, 
LiPuma JJ, et al. Antibiotic management of lung infections in cystic 
fibrosis. I. The microbiome, methicillin-resistant Staphylococcus 
aureus, gram-negative bacteria, and multiple infections. Annal ATS. 
2014; 11: 1120-1129.

6.	 Kerem E, Viviani L, Zolin A, MacNeill S, Hatziagorou E, Ellemunter H, et 
al. Factors associated with FEV1 decline in cystic fibrosis: analysis of 
the ECFS patient registry. Eur Respir J. 2014; 43: 125-133.

7.	 Kosorok MR, Zeng L, West SE, Rock MJ, Splaingard ML, Laxova A, et 
al. Acceleration of lung disease in children with cystic fibrosis after 
Pseudomonas aeruginosa acquisition. Pediatr Pulmonol. 2001; 32: 
277-287.

8.	 Nixon GM, Armstrong DS, Carzino R, Carlin JB, Olinsky A, Robertson CF, 
et al. Clinical outcome after early Pseudomonas aeruginosa infection in 

Table 2: The results of the patients in each group and comparison between groups.

Criteria 1st group
(n=15)

2nd group
(n=34)

3rd group
(n=15)  p, test 

Age(mean± SD)  14.42 ± 2.22 16.37 ± 2.4  15.2 ± 2.47 0.111, Kruskal-Wallis

Sex (m:f) 8:7 18:16 7:8 0.96, Chi-square
Antibody titre  (mean± SD; 
min-max)

 22.01 ± 17.43
 (5.3-52)

 34.47 ± 19.59
 (5.01-62)

 53.3 ± 3.9
(49.04-61.3)

0.001, Kruskal-Wallis
0.000, ANOVA

FEV1%, (mean± SD; min-
max )*

86.22 ± 24.26
(36-120)

 81.45 ± 22.83
(40-120)

66.30 ± 35.17
(14-119)

0.253, Kruskal-Wallis
0.229, ANOVA

BMI, Z score (mean± SD; 
min-max)§

 -1.2 ± 0.9
(-2.87- +0.13)

 -0.37 ± 1.2
 (-3.30 - + 1.2)

 -1.41 ± 1.27
 (-3.27- +0.87)

0.016, Kruskal-Wallis
0.030, ANOVA

Abbreviations: FEV1: Forced Expiratory Volume for 1 Second (The Best Value for the Year of Each Patient); BMI: Body Mass Index; SD: Standard 
Deviation
*only for patients over the age of 7 (n = 56, 8 children did not perform spirometry - 2 from the first and third group and 4 from the second group)
§only for patients over 2 years of age (under this age percentiles were defined, n = 63, only one child in group one is under 2 years of age)

https://www.cff.org/Our-Research/CF-Patient-Registry/2015-Patient-Registry-Annual-Data-Report.pdf
https://www.cff.org/Our-Research/CF-Patient-Registry/2015-Patient-Registry-Annual-Data-Report.pdf
https://www.ncbi.nlm.nih.gov/pubmed/14555458
https://www.ncbi.nlm.nih.gov/pubmed/14555458
https://www.ncbi.nlm.nih.gov/pubmed/14555458
https://www.ncbi.nlm.nih.gov/pubmed/25102221
https://www.ncbi.nlm.nih.gov/pubmed/25102221
https://www.ncbi.nlm.nih.gov/pubmed/25102221
https://www.ncbi.nlm.nih.gov/pubmed/25102221
https://www.ncbi.nlm.nih.gov/pubmed/25102221
https://www.ncbi.nlm.nih.gov/pubmed/23598952
https://www.ncbi.nlm.nih.gov/pubmed/23598952
https://www.ncbi.nlm.nih.gov/pubmed/23598952
http://onlinelibrary.wiley.com/doi/10.1002/ppul.2009/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ppul.2009/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ppul.2009/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ppul.2009/abstract
https://www.ncbi.nlm.nih.gov/pubmed/11343046
https://www.ncbi.nlm.nih.gov/pubmed/11343046


Central
Bringing Excellence in Open Access





Petrova et al. (2017)
Email:  

J Chronic Dis Manag 2(3): 1017 (2017) 5/5

Petrova G, Perenovska P, Lesichkova S, Lazova S, Miteva D, et al. (2017) Immunology or Microbiology for Pseudomonas aeruginosa Detection in Patients with 
Cystic Fibrosis – Results from Bulgaria. J Chronic Dis Manag 2(3): 1017.

Cite this article

cystic fibrosis. J Pediatr. 2001; 138: 699-704.

9.	 Doring G, Flume P, Heijerman H, Elborn JS. Treatment of lung infection 
in patients with cystic fibrosis: current and future strategies. J Cyst 
Fibros. 2012; 11: 461-479.

10.	Emerson J, Rosenfeld M, McNamara S, Ramsey B, Gibson R. 
Pseudomonas aeruginosa and other predictors of mortality and 
morbidity in young children with cystic fibrosis. Pediatr Pulmonol. 
2005; 34: 91-100. 

11.	Temelkov A, Marinova R. Nosocomial infections in intensive care, 
Artik, Sofia. 2011(in Bulgarian).

12.	O’Sullivan BP, Freedman SD. Cystic fibrosis. Lancet. 2009; 373: 1891-
1904.

13.	Brett MM, Ghoneim ATM, Littlewood JM. Serum antibodies to 
Pseudomonas aeruginosa in cystic fibrosis. Arch Dis Child. 1986; 61: 
1114-1120.

14.	Burns JL, Gibson RL, McNamara S, Yim D, Emerson J, Rosenfeld M, 
et al. Longitudinal assessment of Pseudomonas aeruginosa in young 
children with cystic fibrosis. J Infect Dis. 2001; 183: 444-452.

15.	Høiby N, Flensborg EW, Beck B, Friis B, Jacobsen SV, Jacobsen L. 
Pseudomonas aeruginosa infection in cystic fibrosis. Diagnostic 
and prognostic significance of Pseudomonas aeruginosa precipitins 
determined by means of crossed immunoelectrophoresis. Scand J 
Respir Dis. 1977; 58: 65-79. 

16.	Pressler T, Frederiksen B, Skov M, Garred P, Koch C, Høiby N. Early 
rise of anti-Pseudomonas antibodies and a mucoid phenotype of 
Pseudomonas aeruginosa are risk factors for development of chronic 
lung infection- A case control study. J Cyst Fibros. 2006; 5: 9-15.

17.	Rosenfeld M, Emerson J, Accurso F, Armstrong D, Castile R, Grimwood 
K, Hiatt P, et al. Diagnostic accuracy of oropharyngeal cultures in 
infants and young children with cystic fibrosis. Pediatr Pulmonol. 
1999; 28: 321-328.

18.	Doring G, Høiby N. Longitudinal study of immune response to P. 
aeruginosa antigens in cystic fibrosis. Infect Immun. 1983; 42: 197-
201.

19.	Lee TWR, Brownlee KG, Conway SP, Denton M, Littlewood JM. 
Evaluation of a definition for chronic Pseudomonas aeruginosa 
infection in cystic fibrosis patients. J Cyst Fibros. 2003; 2(1): 29-34. 

20.	Cohen-Cymberknoh М , Gilead N, Gartner S, Rovira S, Blau H, Mussaffi 
H, et al.  Eradication failure of newly acquired Pseudomonas aeruginosa 
isolates in cystic fibrosis. J Cystic Fibros. 2016; 15: 776-782.

21.	Kenny SL, Shaw TD, Downey DG, Moore JE, Rendall JC, Elborn JS. 
Eradication of Pseudomonas aeruginosa in adults with cystic fibrosis. 
BMJ Open Respir Res. 2014; 1: e000021.

22.	Taccetti G, Bianchini E, Cariani L, Buzzetti R, Costantini D, Trevisan 
F, et al. Early antibiotic treatment for Pseudomonas aeruginosa 
eradication in patients with cystic fibrosis: a randomized multicentre 
study comparing two different protocols. Thorax. 2012; 67: 853-859.

23.	Marvig RL, Sommer LM, Molin S, Johansen HK. Convergent evolution 
and adaptation of Pseudomonas aeruginosa within patients with cystic 
fibrosis. Nature Genetics. 2015; 47: 57-54.

24.	Jorth P, Staudinger BJ, Wu X, Hisert KB, Hayden H, Garudathri J. 
Regional Isolation Drives Bacterial Diversification within Cystic 
Fibrosis Lungs. Cell Host Microbe. 2015; 18: 307-319.

25.	Ratjen F, Walter H, Haug M, Meisner C, Grasemann H, Doring G. 
Diagnostic value of serum antibodies in early Pseudomonas aeruginosa 
infection in cystic fibrosis patients. Pediatr Pulmonol. 2007; 42: 249-
255.

26.	Mauch RM, Levy CE. Serum antibodies to Pseudomonas aeruginosa in 
cystic fibrosis: a systematic review. J Cyst Fibros. 2014; 13: 499-507.

27.	Mauch RM, Rossi CL, Ribeiro JD, Ribeiro AF, Nolasco da Silva MT, 
Levy CE. Assessment of IgG antibodies to Pseudomonas aeruginosa 
in patients with cystic fibrosis by an enzyme-linked immunosorbent 
assay (ELISA) Diagnostic Pathol. 2014, 9: 158.

28.	Tramper-Stranders GA, van der Ent CK, Slieker MG, Terheggen-
Lagro SW, Teding van Berkhout F, Kimpen JL, et al. Diagnostic value 
of serological tests against Pseudomonas aeruginosa in a large cystic 
fibrosis population. Thorax. 2006; 61: 689-693.

29.	Standards for the clinical care of children and adults with cystic 
fibrosis in the UK. London: UK Cystic Fibrosis Trust. 2011.

30.	Jones P, Palser SC, Pravle AP, Hurley MN, Smyth AR. WS20.1 Secular 
trends in Pseudomonas aeruginosa acquisition in the United Kingdom: 
a registry study. J Cyst Fibros. 2016; 15: S31.

31.	Douglas TA, Brennan S, Berry L, Winfield K, Wainwright CE, Grimwood 
K, et al. Value of serology in predicting Pseudomonas aeruginosa 
infection in young children with cystic fibrosis. Thorax. 2010; 65: 985-
990.

32.	West SE, Zeng L, Lee BL, Kosorok MR, Laxova A, Rock MJ, et al. 
Respiratory infections with Pseudomonas aeruginosa in children with 
cystic fibrosis: early detection by serology and assessment of risk 
factors. JAMA. 2002; 287: 2958-2967.

33.	Johansen HK, Nørregaard L, Gøtzsche PC, Pressler T, Koch C, Høiby 
N. Antibody response to Pseudomonas aeruginosa in cystic fibrosis 
patients: a marker of therapeutic success? A 30-year cohort study 
of survival in danish of patients after onset of chronic Pseudomonas 
aeruginosa lung infection. Pediatr Pulmonol. 2004; 37: 427-432.

34.	Kappler M, Nagel F, Feilcke M, Heilig G, Grimmelt AC, Pawlita I, et al. 
Predictive values of antibodies against Pseudomonas aeruginosa in 
patients with cystic fibrosis one year after early eradication treatment. 
J Cystic Fibros. 2014; 13: 534-541.

35.	Döring G, Taccetti G, Campana S, Festini F, Mascherini M. Eradication 
of Pseudomonas aeruginosa in cystic fibrosis patients. Eur Respir J. 
2005; 27: 653.

36.	Mogayzel PJ, Naureckas ET, Robinson KA, Brady C, Guill M, Lahiri T, et 
al. Pharmacologic approaches to prevention and eradication of initial 
Pseudomonas aeruginosa  infection. Annal  АТС. 2014; 11: 1640-1650.

https://www.ncbi.nlm.nih.gov/pubmed/11343046
https://www.ncbi.nlm.nih.gov/pubmed/23137712
https://www.ncbi.nlm.nih.gov/pubmed/23137712
https://www.ncbi.nlm.nih.gov/pubmed/23137712
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2921980/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2921980/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2921980/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2921980/
https://www.ncbi.nlm.nih.gov/pubmed/19403164
https://www.ncbi.nlm.nih.gov/pubmed/19403164
http://www.sciencedirect.com/science/article/pii/S1569199314000289
http://www.sciencedirect.com/science/article/pii/S1569199314000289
http://www.sciencedirect.com/science/article/pii/S1569199314000289
https://academic.oup.com/jid/article/183/3/444/886966/Longitudinal-Assessment-of-Pseudomonas-aeruginosa
https://academic.oup.com/jid/article/183/3/444/886966/Longitudinal-Assessment-of-Pseudomonas-aeruginosa
https://academic.oup.com/jid/article/183/3/444/886966/Longitudinal-Assessment-of-Pseudomonas-aeruginosa
https://www.ncbi.nlm.nih.gov/pubmed/404701
https://www.ncbi.nlm.nih.gov/pubmed/404701
https://www.ncbi.nlm.nih.gov/pubmed/404701
https://www.ncbi.nlm.nih.gov/pubmed/404701
https://www.ncbi.nlm.nih.gov/pubmed/404701
https://www.ncbi.nlm.nih.gov/pubmed/16412706
https://www.ncbi.nlm.nih.gov/pubmed/16412706
https://www.ncbi.nlm.nih.gov/pubmed/16412706
https://www.ncbi.nlm.nih.gov/pubmed/16412706
https://www.ncbi.nlm.nih.gov/pubmed/10536062
https://www.ncbi.nlm.nih.gov/pubmed/10536062
https://www.ncbi.nlm.nih.gov/pubmed/10536062
https://www.ncbi.nlm.nih.gov/pubmed/10536062
https://www.ncbi.nlm.nih.gov/pubmed/6413411
https://www.ncbi.nlm.nih.gov/pubmed/6413411
https://www.ncbi.nlm.nih.gov/pubmed/6413411
https://www.ncbi.nlm.nih.gov/pubmed/15463843
https://www.ncbi.nlm.nih.gov/pubmed/15463843
https://www.ncbi.nlm.nih.gov/pubmed/15463843
https://www.ncbi.nlm.nih.gov/pubmed/27143583
https://www.ncbi.nlm.nih.gov/pubmed/27143583
https://www.ncbi.nlm.nih.gov/pubmed/27143583
http://bmjopenrespres.bmj.com/content/1/1/e000021
http://bmjopenrespres.bmj.com/content/1/1/e000021
http://bmjopenrespres.bmj.com/content/1/1/e000021
https://www.ncbi.nlm.nih.gov/pubmed/22379071
https://www.ncbi.nlm.nih.gov/pubmed/22379071
https://www.ncbi.nlm.nih.gov/pubmed/22379071
https://www.ncbi.nlm.nih.gov/pubmed/22379071
https://www.ncbi.nlm.nih.gov/pubmed/25401299
https://www.ncbi.nlm.nih.gov/pubmed/25401299
https://www.ncbi.nlm.nih.gov/pubmed/25401299
https://www.ncbi.nlm.nih.gov/pubmed/26299432
https://www.ncbi.nlm.nih.gov/pubmed/26299432
https://www.ncbi.nlm.nih.gov/pubmed/26299432
https://www.ncbi.nlm.nih.gov/pubmed/17243185
https://www.ncbi.nlm.nih.gov/pubmed/17243185
https://www.ncbi.nlm.nih.gov/pubmed/17243185
https://www.ncbi.nlm.nih.gov/pubmed/17243185
https://www.ncbi.nlm.nih.gov/pubmed/24522086
https://www.ncbi.nlm.nih.gov/pubmed/24522086
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4182790/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4182790/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4182790/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4182790/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2104678/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2104678/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2104678/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2104678/
http://www.cysticfibrosisjournal.com/article/S1569-1993(16)30169-2/abstract
http://www.cysticfibrosisjournal.com/article/S1569-1993(16)30169-2/abstract
http://www.cysticfibrosisjournal.com/article/S1569-1993(16)30169-2/abstract
http://thorax.bmj.com/content/65/11/985.info
http://thorax.bmj.com/content/65/11/985.info
http://thorax.bmj.com/content/65/11/985.info
http://thorax.bmj.com/content/65/11/985.info
https://jamanetwork.com/journals/jama/fullarticle/195010
https://jamanetwork.com/journals/jama/fullarticle/195010
https://jamanetwork.com/journals/jama/fullarticle/195010
https://jamanetwork.com/journals/jama/fullarticle/195010
http://onlinelibrary.wiley.com/doi/10.1002/ppul.10457/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ppul.10457/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ppul.10457/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ppul.10457/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ppul.10457/abstract
http://www.sciencedirect.com/science/article/pii/S1569199314001556
http://www.sciencedirect.com/science/article/pii/S1569199314001556
http://www.sciencedirect.com/science/article/pii/S1569199314001556
http://www.sciencedirect.com/science/article/pii/S1569199314001556
https://www.ncbi.nlm.nih.gov/pubmed/16452606
https://www.ncbi.nlm.nih.gov/pubmed/16452606
https://www.ncbi.nlm.nih.gov/pubmed/16452606

	Immunology or Microbiology for Pseudomonas aeruginosa Detection in Patients with Cystic Fibrosis - R
	Abstract
	Abbreviations
	Introduction
	Materials and Methods 
	Results and Discussion 
	Conclusion
	Acknowledgements
	References
	Figure 1
	Figure 2
	Table 1
	Table 2

