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Abstract

Background: Bloodstream pathogens can be identified by multiplex PCR (SeptiFast (SF)) or blood culture (BCO);
whether these pathogens are present in cystic fibrosis (CF) patients during febrile pulmonary exacerbations (FPE)

has not been sufficiently studied.

Methods: In this prospective observational study, blood from CF patients experiencing FPE was tested with SF and

BC before the initiation of antibiotic treatment.

Results: After contaminants had been excluded, 9 of 72 blood samples tested positive by BC or SF. SF exclusively
detected four pathogens; BC, one. Pulmonary pathogen transmission was likely in all cases except for 2 cases of
candidaemia, which were believed to be caused by catheter-related infections. For three cases, test results caused
us to change the antibiotic regimen. Sensitivity (85.7% vs. 42.9%) and negative predictive value (98.4% vs. 87.0%)

tended to be higher for SF than for BC.

Conclusions: The results of SF and BC show that bacteraemia and fungaemia are present in CF patients during FPE
and may affect antibiotic therapy. SF can help rule out catheter-related bloodstream infections.

Background

The course of cystic fibrosis (CF) lung disease is charac-
terized by repetitive episodes of bacterial, fungal, and
viral airway infections that have a substantial impact on
the progression of lung disease and on the patient’s quality
of life. These intermittent episodes are acute worsening
clinical symptoms, summarized as infective pulmonary
exacerbations. It has not yet been determined whether
pulmonary infective exacerbations among CF patients
are associated with an increased risk of unrecognized
bacteraemia or fungaemia and, additionally, whether
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microorganisms that colonize the respiratory tract of
CF patients may cause bloodstream infections.

In addition, it is still unknown whether collecting
blood cultures (BCs) has any benefit in these situations.
If bacteraemia or fungaemia is present during febrile
pulmonary exacerbations (FPE) in CF patients, know-
ledge about possible microorganisms in the blood can be
essential for ensuring that life-threatening bloodstream
infections are not overlooked. Thus, it is of interest
whether FPE increase the incidence of bacteraemia or
fungaemia; if they do, more aggressive and urgent treat-
ment with antibiotics may be indicated for CF patients.

In addition to BCs, polymerase chain reaction (PCR)-
based methods have been introduced as an additional
diagnostic tool for detecting blood stream microorganisms.
SeptiFast (SF) real-time PCR is a polymerase chain—based
test for detecting the DNA of 25 pathogenic microorgan-
isms in the blood [1]. SF is used to detect bloodstream
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infections in patients with suspected sepsis [2, 3] and can
be used in addition to BC [4]. Until now, the SF assay has
not been used for CF patients.

To our knowledge, only one published study [5] has
examined the incidence of positive findings from BCs
collected during FPE among CF patients; that incidence
was reported to be 3.5%. The study was limited by its
small study population (18 patients with FPE) and the
availability of BC alone for assessing bacteraemia or
fungaemia.

We conducted this prospective observational study to
test the hypotheses that bacteraemia or fungaemia is
present during FPE among CF patients and that SF is more
sensitive than BCs in detecting bloodstream infections.

Methods

Study site, patients, inclusion criteria

Patients for this prospective observational single-centre
study were recruited from the Cystic Fibrosis Centre of
the University Children’s Hospital Essen in Essen,
Germany, between July 2009 and July 2011. The study
was approved by the local ethics committee, and all pa-
tients, their parents, or both gave informed consent.
Patients were enrolled in the study if they had CF, as
diagnosed either by positive results from two sweat
chloride tests or by detection of two mutations that are
considered to cause CF; if they had a fever (i.e., body
temperature >38.5 °C); and if they were hospitalized for
an infective pulmonary exacerbation. Infective pulmonary
exacerbation was defined by a modification of the Ramsey
criteria [6]. Patients’ charts were reviewed for previous
antimicrobial treatment or prednisolone administration.

Blood cultures

After disinfection of the skin and the connector, 8 to
10 mL of blood (one aerobic and one anaerobic BC bottle)
was collected by sterile venepuncture or from a central
venous catheter, if one was present. Blood was inoculated
in BC bottles and incubated for up to 7 days at 36 °C
(BACTEC 9240 system; Becton-Dickinson, Heidelberg,
Germany). If BC results were positive, aliquots were
drawn for Gram staining and culturing on solid media.
Microorganisms were identified with VITEK MS mass
spectrometry (bioMerieux, Niirtingen, Germany) or the
MicroScan Walk-Away system (Beckmann Coulter,
Krefeld, Germany).

SeptiFast

Whole blood for PCR analysis was drawn at the same
time as blood was drawn for BCs. The LightCycler Septi-
Fast test (Roche Diagnostics, Mannheim, Germany) detects
DNA of bacterial and fungal pathogens in 1.5 mL EDTA
blood. The manufacturer states that SF can detect the
following spectrum of species: Escherichia coli, Klebsiella
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pneumonia/oxytoca, Serratia marcescens, Enterobacter
cloacae/aerogenes, Proteus mirabilis, Pseudomonas aer-
uginosa, Acinetobacter baumannii, coagulase-negative
Staphylococcus species, Staphylococcus aureus, Streptococ-
cus pneumoniae, Streptococcus spp., Enterococcus faecium
and E. faecalis, Candida albicans, C. tropicalis, C. parapsi-
losis, C. krusei, C. glabrata, and Aspergillus fumigatus. The
analytical sensitivity of the assay ranges from 3 to 100
colony-forming units (CFU)/mL, depending on the micro-
organism. The assay was performed according to the man-
ufacturer’s instructions. After DNA had been extracted
and amplified, PCR products were simultaneously de-
tected by fluorescence and melting temperature analysis
using specific hybridization probes and the SF identifica-
tion software.

The identification of BC or SF contamination was
based on previously published criteria [7-9], including
the probability that the organism was a skin contamin-
ant, other concurrent microbiology results, and clinical
compatibility. We defined a contamination when micro-
organisms from the skin flora were detected in either
BC or SF and if the clinical situation stabilized without
modification of antibiotic therapy or removal of central
venous catheters before culture results arrived.

Statistical analysis

Basic clinical data are summarized in Table 1. Unless
otherwise specified, the description of clinical data is
based on the outcome at baseline examination (first epi-
sode of FPE). Distribution of metric variables is reported
as median and interquartile range (IQR). Categorical
data are described by absolute and relative frequencies.
Lung function parameters are presented as absolute
values and percent predicted values as calculated with
the equations of Zapletal [10].

The primary outcome measure was the number of
positive diagnostic test results obtained by SF and BCs
(positive or negative findings for microorganisms). Bac-
teraemia or fungaemia was considered to be present
(gold standard) if contamination of the probe was con-
sidered unlikely and was otherwise not present [11-13].
Data were recorded for all episodes of FPE that occurred
among the patient cohort during the observational
period of this study; thus, multiple observations were
made per patient from subsequent episodes, resulting in
clustered data. The frequency of episodes of FPE in asso-
ciation with positive or negative findings from SF or BC
is displayed in Table 2.

The primary objective was assessment of sensitivity,
specificity, positive predictive value (PPV), negative pre-
dictive value (NPV), and rate of positivity (ROP) of SF
and BC as related to the gold standard. To account for
clustering of data, we used the generalized estimation
equation (GEE) approach [14, 15] with logit link function
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Table 1 Baseline characteristics of study participants

Baseline characteristics

Study participants
(n=28)

Age in years, median (IQR) 210 (16.0; 23.0)
Female, n (%) 11 (39.3)
Pseudomonas aeruginosa positive?, n (%) 15 (53.6)
Staphylococcus aureus (MSSA) positiveb, n (%) 16 (57.1)
Staphylococcus aureus (MRSA) positiveb, n 0
Stenotrophomonas maltophilia posmveb, n (%) 1(3.6)
Burkholderia cepacia positive®, n (%) 1(36)

Body mass index, median (IQR) 183 (16.2; 19.6)
Pancreatic insufficient, n (%) 26 (92.9)
Diabetes mellitus, n (%) 10 (35.7)

ABPA, n (%) 1(3.6)
AF508/AF508, n (%) 17 (60.7)
AF508 compound heterozygote, n (%) 7 (25.0)
OthersS, n (%) 4(14.3)

FVC, litres, median (IQR) 25 (1.6;2.8)
FVC % predicted, median (IQR) 66.0 (47.8; 73.6)
FEV1, litres, median (IQR) 14 (09,19

FEV1 % predicted, median (IQR)

46.0 (43.0; 58.0)

IQR interquartile range, MSSA, methicillin-susceptible S. aureus, MRSA
methicillin-resistant S. aureus, ABPA allergic bronchopulmonary aspergillosis,
FVC forced vital capacity, FEV forced expiratory volume in 1 second
#Pseudomonas aeruginosa positive is defined as two or more positive airway
cultures in the previous year, currently receiving inhaled pseudomonal

treatment, or both

PPositive is defined as two or more positive airway cultures in the previous year
“Others is defined as mutations known to cause cystic fibrosis other than

AF508 or not identified

and exchangeable working correlation structure to calcu-
late population-averaged sensitivity, specificity, PPV, NPV,
and ROP estimates adjusted for correlation within pa-
tients. Estimates with 95% confidence interval (95% CI)
are presented in Table 3. To compare sensitivity, specifi-
city, ROP, PPV, and NPV of diagnostic tests (SF vs. BC)

Table 2 Frequency of positive or negative findings from blood
cultures or SeptiFast polymerase chain reaction analyses of blood
samples from cystic fibrosis patients experiencing episodes of
febrile infective exacerbation

BC+ BC- total Contaminant
SF+ 2 6 8 2
(SF+ and BC-)
SF- 3 61 64
total 5 67 72
Contaminant 2
(BC+ and SF-)

BC+, probe testing positive by blood culture

BC-, probe testing negative by blood culture

SF+, probe testing positive by SeptiFast polymerase chain reaction analysis
SF-, probe testing negative by SeptiFast polymerase chain reaction analysis
Contaminant, probe considered to be a contaminant
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Table 3 Measures describing how well blood cultures and
SeptiFast polymerase chain reaction analyses capture the true
presence or absence of disease, as related to gold standard,
with 95% confidence interval

Test
% (95% Cl) SF BC P value
ROP 13.2% (6.7%—17.8%) 7.3% (2.8%—-17.8%) 0322
Sensitivity 85.7% (48.6%-97.5%)  42.9% (10.2%-83.2%)  0.250
Specificity 96.9% (87.9%-99.3%) 96.9% (88.6%-99.2%) 1.000
PPV 74.7% (36.0%—-93.9%) 60.2% (18.5%-90.1%) 0.255
NPV 984% (89.3%-99.8%)  87.0% (86.2%-94.1%)  0.105

SF SeptiFast polymerase chain reaction analysis, BC blood culture, ROP rate of
positivity, PPV positive predictive value, NPV negative predictive value

P value: Two-sided P value of the null hypothesis of equal ROP, sensitivity,
specificity, PPV, and NPV of SF and BC

Sensitivity: P (Test = positive | gold standard = positive)

Specificity: P (Test = negative | gold standard = negative)

PPV: P (gold standard = positive | Test = positive)

NPV: P (gold standard = negative | Test = negative)

ROP: P (Test = positive)

while accounting for clustering of data, we used an
analogue of McNemar’s test based on GEE [16]. Corre-
sponding two-tailed P values are given in Table 3. Univari-
able associations between SF and BC results and clinical
data were analysed with the GEE approach with logit link
function and exchangeable working correlation structure.
The exchangeable working correlation structure was
chosen for all GEE models because the time order of epi-
sodes of FPE is incidental.

Analyses were performed with SPSS (version 23; SPSS
Inc., Chicago, IL, USA) and were regarded as explorative
with P values displayed for descriptive reasons so that
we could detect and study meaningful effects. In particu-
lar, no adjustment for multiple testing was performed.
“Significance” refers to local statistical significance, de-
fined as a local, unadjusted P value lower than 0.05.

Results
Results of analyses of paired blood samples tested by BC
and SF for 72 episodes of FPE are shown in Tables 2 and
4. Four samples were considered to be contaminants:
two samples of E. cloacae with positive results by SF
only, and two samples of S. epidermidis with positive re-
sults by BC only. Excluding contaminants, either BC or
SF detected a pathogen in 7 of 72 samples (9.7%), and
both methods detected pathogens in 2 samples. Exclud-
ing contaminants, 3 of 72 samples tested positive by BC
(4.2%), and 6 of 72 samples (8.3%) tested positive by SF.
With BC, ROP was 7.3%, sensitivity was 42.9%, specifi-
city was 96.9%, PPV was 60.2%, and NPV was 87.0%. With
SE, ROP (13.2%, P=0.322), sensitivity (85.7%, P = 0.250),
PPV (74.7%, P=0.255), and NPV (98.4%, P=0.105)
tended to be higher than with BC. Specificities for SF
(96.9%) and BC (96.9%) were similar (P = 1.0) (Table 3).
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Table 4 Pathogens detected by blood culture or by SeptiFast polymerase chain reaction analysis, and their clinical relevance

Pathogen SF BC Probably contaminant Pathogen  Therapeutic Comment
in sputum?®  intervention
C. albicans + + - + Fluconazole iv. Totally implantable venous access port; sepsis
C. albicans + o+ - + Fluconazole i.v. Central venous line; candida culture at top of line
positive; sepsis
S. maltophilia — + - - + Trimethoprim/sulfamethoxazole  Intermittent respiratory tract colonization with
V. S. maltophilia
P. aeruginosa  + - + Intermittent respiratory tract colonization with
P. aeruginosa; P. aeruginosa antibodies negative;
empiric antibiotic treatment covered P. aeruginosa
P. geruginosa  + - - + - Chronic respiratory tract infection with P. aeruginosa;
empiric antibiotic treatment covered P. aeruginosa
K pneumoniae + - - - - Empiric antibiotic treatment covered K. pneumonia
S. aureus -+ - Intermittent - Erysipelas, left foot; Empiric treatment covered S. aureus
E. cloacae + -+ - -
E. cloacae + -+ - -
S. epidermidis -+ + - -
S. epidermidis -+ + -

SF SeptiFast, BC blood culture, C Candida, P Pseudomonas, K Klebsiella, E Enterobacter, S Staphylococcus, i.v intravenous

@Pathogen in sputum: pathogen detected in sputum during the previous year

SF detected four pathogens that were not detected by
BC, whereas BC detected one pathogen that was not de-
tected by SF (Table 2). After exclusion of contaminants,
S. maltophilia, P. aeruginosa (twice) and K. pneumoniae
pathogens were exclusively detected by SF. S. aureus
was detected exclusively by BC. Despite one case of K.
pneumoniae, pathogens detected by SF or BC were
regularly detected in sputum samples from the same
patients either during the infective exacerbation period
or within the year prior to the infective exacerbation
period or both.

Because antimicrobial treatment may substantially
affect the sensitivity of BC, patients’ charts were exam-
ined for documentation of previous antimicrobial treat-
ment. Eight samples came from patients who had been
treated with azithromycin three times per week (dosage
depending on bodyweight: 250 mg for patients weighing
<40 kg; 500 mg for patients weighing >40 kg) before in-
fective exacerbation. Preexisting antibiotic treatment did
not correlate with positive results on SF (P =0.976) or
BC (P=0.512). During 10 of 72 FPE episodes, patients
had been treated with prednisolone (dose, 5 or 10 mg),
but none of the samples taken during these episodes
tested positive with either SF or BC. All samples that
tested positive for C. albicans with either BC or SF had
been collected from a patient with a central venous
catheter. Positive SF findings changed the therapeutic
strategy in three cases: in two cases fluconazole was
added after SF detected C. albicans, and in one case tri-
methoprim/sulfamethoxazole was added after SF detected
S. maltophilia (Table 4).

Discussion

This is the first study to detect microorganisms in blood
with both BC and SF during FPE in CF patients. After
contaminants had been excluded, 9 SF or BC probes
tested positive during 72 episodes of FPE. Reports of
bloodstream infections among CF patients are rare: in a
retrospective study of Cargill et al. [17] blood stream in-
fections in CF patients were analysed but the relation of
FPE and blood stream infections was not systematically
evaluated and recently a retrospective study primarily
addressing the pattern of blood stream infection in adult
CF patients has been published [18]. The only prospect-
ive study that has systematically evaluated the incidence
of bloodstream infections during infective exacerbations
in CF patients was published 25 years ago by Fahy et al.
[5]. PCR assays for detecting the DNA of microorgan-
isms in blood have not previously been used for CF pa-
tients. The study by Fahy et al. [5] found that 3 of 89
samples collected during FPE tested positive with BC
(prevalence, 0.035). In our study, 3 of 72 samples col-
lected during FPE tested positive with BC (prevalence,
0.042). Thus, the results of our study confirm the results
of the study by Fahy et al.

SF detected 4 pathogens in blood that were not de-
tected by BC. The prevalence of samples that tested
positive with either BC or SF was 7 of 72 (0.097), which
is more than twice the prevalence of positive findings
than with BC alone. Because, in contrast to BC, SF is a
PCR-based test for detecting pathogen DNA, the vitality
of pathogens in blood can be questioned. It is well known
that studies involving subjects with systemic inflammatory
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response syndrome (SIRS) or sepsis have shown that SF
can detect pathogens in blood that cannot be detected by
BC and that positive SF results in these patients are posi-
tively correlated with disease severity [12, 19]. In our study
the clinical course of patients with positive SF results sup-
ports the presence of an infection by the detected
pathogens.

All pathogens that were found by SF and BC, except
for contaminants and K. pneumoniae, had been detected
in sputum samples from the same patients during the
previous year. K. pneumoniae was detected by SF alone
in one patient, and it had already been covered by empiric
antibiotic therapy. K. pneumoniae had not previously been
found in a sputum culture or by BC in this patient. In one
sample, S. aureus was detected by BC only. The patient
had erysipelas, and his airways were chronically colonized
with S. aureus. Whether the site of entry was the lung or
the tissue affected by erysipelas could not be determined.
In one case, SF but not BC detected S. maltophilia. The S.
maltophilia antibody titre was high, 1:2560, a finding indi-
cating chronic colonization or infection [20]; the bacter-
jium had been detected in sputum cultures from this
patient during the previous year. These findings suggest
that S. maltophilia may have contributed to the FPE.
Therefore, we added trimethoprim/sulfamethoxazole to
the empirically selected antibiotic therapy. The findings of
our study support the hypothesis that, in CF patients,
pathogens are transmitted by the airways into the blood
during FPE.

In two cases, C. albicans was detected by both SF and
BC. In both of these cases, a central venous line was
present; central venous lines are a known risk factor for
candidaemia [21]. The clinical course of these patients
was characterized by high fever and a severely impaired
condition but no signs of septic shock; these findings
were in line with the symptoms of candidaemia. For one
of these patients, the results of SF changed the treatment
strategy: fluconazole was added to the treatment regi-
men. For the other patient, the BC results confirmed the
SF results, what caused us to add fluconazole to the
treatment regimen. Thus, SF can help with the initiation
of appropriate and early treatment for CF patients, espe-
cially if the intravenous antimicrobial therapy is intended
as at-home treatment during FPE. The high NPV of SF
for detecting pathogens in the blood (98.4%) and the
rapid availability of the test may be beneficial, because
negative SF results can support a prompt decision if at-
home intravenous treatment with antibiotics is considered
appropriate for CF patients with a central venous line.

The ROP, sensitivity, PPV, and NPV for SF tended to
be higher than those for BC. The sensitivity of SF (85.7%)
was higher than that of BC, and the specificity of SF
(96.9%) was comparable to that found by meta-analyses
involving heterogeneous groups of patients, most of whom
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did not have CF (Chang et al.: sensitivity, 0.75; 95% ClI,
0.65-0.83; specificity, 0.92; 95% CI, 0.90-0.95; Dark et al.:
sensitivity, 0.68; 95% CI, 0.63-0.73; specificity, 0.86; 95%
CI, 0.84-0.89) [2, 3]. Our findings confirmed the results of
these meta-analyses for patients with presumed SIRS or
sepsis in CF patients with FPE. Although sensitivity, speci-
ficity, PPV and NPV for SF tended to be higher or were
equal to BC, SF cannot replace BC testing because the
spectrum of detectable pathogens in SF testing is limited.

In patients with suspected sepsis who received antibi-
otics prior to BC and SF, SF is considered to be more
sensitive compared to BC in detecting pathogens (see
Pasqualini et al. [22]). We analysed the patient’s records
regarding pre-treatment with antibiotics. In this group
one patient had positive results for both SF and BC (C.
albicans). Thus, we cannot draw conclusions regarding
differences in sensitivity between SF and BC in CF pa-
tients with antibiotic treatment prior to FPE.

The prevalence of positive results with SF (0.083) in
our cohort was in the lower part of the prevalence range
of patients with suspected sepsis (0.07 to 0.85) and lower
than that of immunocompromised patients (0.25 to
0.41) [2]. Although a growing body of evidence suggests
that the immune defence mechanisms of CF patients are
altered [23-30], our study does not support the hypoth-
esis that this alteration leads to an increased number of
episodes of bacteraemia and fungaemia among these pa-
tients, a finding that is in line with clinical observations.

Our study is limited by the relatively small number of
CF patients with FPE. Therefore, we could not draw
conclusions about the clinical usefulness of SF or about
a cost-benefit calculation. Our study does not allow con-
clusions about whether empiric antimicrobial therapy
for CF exacerbations may be improved by regular SF or
BC testing. Larger prospective trials with a control group
are necessary for answering this question. The aim of
our study was not to determine whether bloodstream
pathogens might be present in CF patients with non-
febrile pulmonary infective exacerbations; the study in-
cluded only febrile patients, because in these patients
the overlap with sepsis or SIRS criteria is more pronounced.
A strength of our study is its prospective and standardised
study design.

Conclusions

The results of our study indicate that bacteraemia and
fungaemia are present in CF patients with FPE but occur
less frequently in these patients than in patients with
suspected SIRS or sepsis. It is likely that for CF patients
the route of transmission for bloodstream infections
with bacteria or fungi is via the lung or via central ven-
ous catheters. Among CF patients with a central venous
catheter, a catheter-related bloodstream infection can be
misinterpreted as a FPE. SF can help rule out catheter-
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related infections, a function that is of particular interest
to patients scheduled for at-home antibiotic intravenous
treatment.
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