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Abstract

Objective: We examined whether patients with a positive SeptiFast (SF) assay (LightCycler
SeptiFast; Roche Diagnostics, Basel, Switzerland) developed higher long-term mortality, a more
difficult course of treatment, and a higher antimicrobial treatment cost than patients with a
negative SF assay.

Methods: We performed a post-hoc analysis of data collected in a |-year prospective
interventional study of adults with severe sepsis and septic shock. In addition to the standard
treatment, an additional 5 ml of blood was obtained for an SF assay, and the antimicrobial treatment
was changed according to the SF results.

Results: We included 57 patients, and the SF assay was positive (SF+) in 10 (17.5%) and negative
(SF—) in 47 (82.5%) patients. A trend toward a higher 6-month, |-year, and 2-year mortality rate
was observed in the SF+ group. In the SF+4 group, we observed a significantly greater need for
second-line vasopressor therapy, a higher initial procalcitonin concentration, and higher maximum
C-reactive protein and lactate concentrations. We found no significant differences in cost of
antimicrobial treatment between the SF+ and SF— groups.

Conclusions: We observed a trend toward higher long-term mortality and a more difficult course
of treatment but no difference in the cost of antimicrobial treatment.
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(LightCycler SeptiFast; Roche Diagnostics,
Basel, Switzerland).® 7 Initially, PCR assays
were used to accelerate pathogen identifica-
tion in patients with sepsis; however, in
addition to pathogen identification, PCR
assays can also provide supplementary
information that may affect treatment stra-
tegies in patients with sepsis.® Some studies
have shown a correlation between positive
PCR assay results and increased mortality
rates, inflammatory marker levels, and
disease severity scores, implying a more
difficult course of treatment in patients
with a positive PCR assay regardless of
concordance with blood culture (BC)
results® 7 and potentially outlining a novel,
noninvasive laboratory marker of disease
severity in patients with sepsis.® The limiting
factor preventing more widespread utiliza-
tion of PCR assays is their higher cost than
standard BCs.®’

This study was performed to determine
whether adults with severe sepsis or septic
shock who show a positive PCR assay have
higher long-term mortality, a more difficult
course of treatment, and a higher cost of
antibiotic treatment than those with a nega-
tive PCR assay.

Methods
Study design and setting

We performed a post-hoc analysis of data
collected in a prospective interventional
study conducted in a 12-bed medical inten-
sive care unit (ICU) in a tertiary hospital
from September 2011 to January 2012 and
from July 2012 to September 2012.* The
study was approved by the national ethics
committee (No. 130/09/07), informed con-
sent was obtained from all patients or their
representatives, and all provisions of the
Declaration of Helsinki were followed.
Before the start of the study, all attending
physicians in the ICU were educated on
the principles of PCR diagnostics in
patients with sepsis. The decision to adjust

antimicrobial treatment based on the results
of the SF assay were left to the attending
physician in the ICU, and consultation with
an infectious disease specialist was available
at all times. Before adjusting each patient’s
antimicrobial therapy, additional factors
were taken into consideration, including
the severity of illness, general state of the
patient, previous hospitalizations, previous
isolates, and others. No particular protocol
was used to guide the attending physicians in
their decisions.

Study population

The inclusion criteria were an age of >18
years and fulfillment of criteria for severe
sepsis or septic shock.’

Sepsis was defined as the presence of
systemic inflammatory response syndrome
with presumed or confirmed infection.
Severe sepsis was defined as sepsis with
organ dysfunction.” Organ dysfunction
was defined as a systolic blood pressure
of <90mmHg or mean arterial pressure
of <65mmHg, lactate concentration of
>2mmol/l, urine output of <0.5ml/kg/h,
arterial hypoxemia with a pO,/FiO, ratio
of <250 (or <200 if signs of pneumonia
were present), creatinine concentration of
>176.8 umol/l, bilirubin concentration of
>34.2 pmol/l, thrombocytopenia of <100 x
10%/1, or coagulopathy with an INR of >1.5
or aPTT of >60s. Septic shock was defined
as persistent hypotension requiring vaso-
pressor support despite adequate fluid
resuscitation.’

Standard treatment protocols were used:
withdrawal of BC before antimicrobial
treatment, performance of imaging studies
as soon as possible to determine the source
of infection and possibility of surgical treat-
ment, initiation of antimicrobial treatment
within 60 min and usual duration of 7 to 10
days, use of stress-dose steroids in patients
with a blood pressure that remained
unstable despite adequate fluid resuscitation
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and vasopressor support, use of lung-
protective ventilation (tidal volume of
68 ml/kg, plateau pressure of
<30cmH,0), positive end-expiratory pres-
sure, head of bed elevation to 30°, daily
interruption or lightening of sedation,
glycemic control with target blood glucose
concentration of 8 to 10 mmol/l, deep vein
thrombosis prophylaxis via low-molecular-
weight heparins, and use of proton pump
inhibitors  for  gastric  stress  ulcer
prophylaxis.’

The goal of initial treatment was to
achieve a central venous pressure of 8 to
I2mm Hg, mean arterial pressure of
>65mm Hg, urine output of >0.5ml/kg/h,
and central venous saturation (in superior
vena cava) of >70% or mixed venous
oxygen saturation of >65% within 6h.’

Study intervention

In all included patients, blood samples for
two pairs of standard BCs were withdrawn
(2 aerobic and 2 anaerobic bottles, 40 ml of
blood in all). Other microbiological samples
were obtained at the discretion of the
attending physician. In addition to the
standard treatment and after withdrawal of
blood for standard BCs, 5ml of ethylene-
diaminetetraacetic acid blood was with-
drawn to perform an SF assay. Blood for
the SF assay was withdrawn from the same
sterile peripheral vein puncture as for the
BC, and if peripheral access could not be
obtained, the central venous or arterial line
that had been inserted upon admission was
used. The SF assay was performed as soon
as possible, and the results were reported to
the attending physician as soon as possible.
Changes to antimicrobial treatment were
clinically driven according to the attending
physician. The protocol has been previously
described in detail.*

In the present post-hoc analysis, we
studied the 6-month, I-year, and 2-year
mortality rates; duration of ICU and

hospital treatment; duration of mechanical
ventilation; need for mechanical ventilation;
need for renal replacement therapy; use and
highest dose of vasopressors; initial and
maximum C-reactive protein and procalci-
tonin levels; initial and maximum lactate
levels; and cost of antimicrobial treatment.
The first-choice vasopressor was noradrena-
lin in all patients; vasopressin was added as a
second-choice vasopressor as indicated
by the attending physician. The initial
C-reactive protein, procalcitonin, and lac-
tate concentrations were defined as those
measured on the day that blood for the
SF and BC was obtained. The maximum
C-reactive protein, procalcitonin, and lac-
tate concentrations were defined as the
highest values within 7 days from the day
that blood for the SF and BC was obtained.
The cost of antimicrobial treatment was
calculated according to prices available in
the public registry of medicines.'® The cost
of antimicrobial therapy was calculated as
the cumulative cost of all antimicrobial
therapy that a patient received in the 7
days from the day on which blood for the SF
and BC was obtained. A limited evaluation
of the financial impact of adding the SF
assay to the cost of antimicrobial therapy
was performed by considering only the
material cost of the SF assay at a fixed price.

Statistical analysis

Patients with a positive SF assay (SF+) were
compared with patients with a negative SF
assay (SF—). Data were analyzed using
SPSS for Windows package 19.0 (SPSS
Inc., Chicago, IL, USA) with basic statis-
tical methods. The data were analyzed using
numbers or percentages and are expressed as
median and quartile (25% and 75% per-
centile) or mean=+standard deviation,
depending on the distribution of normality.
Fisher’s exact test was used for categorical
variables, the Mann—Whitney test was used
for nonparametric variables, and the
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unpaired t-test was used for normally dis-
tributed variables. A two-sided p-value of
<0.05 was considered statistically signifi-
cant. A sample size calculation was not
performed because few data were available
on the use of the SF assay in the clinical
environment at the time of the study, and
the number of cases was limited because of
the cost of the assay.

Results

Sixty patients were considered for inclusion
in the study. Three declined to participate,
and 57 patients were therefore included (38
males, mean age of 60+ 15 years). Ten
patients (17.5%) were included in the SF+
group, and 47 patients (82.5%) were
included in the SF— group. There were no
differences in age, sex, or Acute Physiology
and Chronic Health Evaluation I
(APACHE II) score between the SF+ and
SF— groups. The general demographic data
are presented in Table 1.

Considering the BC results as the “gold
standard,” then the SF assay achieved a
sensitivity of 87.5%, specificity of 92.6%,
and negative predictive value of 97.8%.
Antibiotic treatment was adjusted according
to the SF assay results in four (7%) patients.
The time to the final results was significantly
shorter with than without the SF assay
(32+23h vs. 97428h, respectively;
p <0.0001). The results regarding concord-
ance between BC and the SF, the need for a
change of antimicrobial treatment according
to the results of the SF assay, and the time to
obtaining results have been previously pub-
lished in detail.*

Mortality analysis

The data on mortality are presented in
Table 1. We observed no significant differ-
ences in the ICU, hospital, 6-month, 1-year,
or 2-year mortality rates between the SF+
and SF— groups. However, the SF+ group

Table I. General demographic and mortality data

SF+group  SF—group  p-value
Age, years 6116 60+ 15 0.89
Sex, % males 60 75 0.71
APACHE Il score 25 (15-32) 27 (18-33) 034
ICU mortality, % 40 45 0.99
Hospital mortality, % 50 53 0.99
6-month mortality, % 60 57 0.99
|-year mortality, % 80 66 047
2-year mortality, % 80 70 0.70

APACHE |l, Acute Physiology and Chronic Health
Evaluation IlI; ICU, intensive care unit; SF+; patients with
a positive SeptiFast assay; SF— patients with a negative
SeptiFast assay.

showed a trend toward a higher 6-month
mortality rate (SF+, 60%; SF—; 57%;
p>0.99), 1-year mortality rate (SF+, 80%:;
SF—, 66%; p=0.47), and 2-year mortality
rate (SF+, 80%; SF—, 70%; p=0.70).

Analysis of treatment course

Data on the course of treatment in the ICU
are presented in Table 2. Both groups had a
similar duration of ICU and hospital treat-
ment, duration of mechanical ventilation,
need for mechanical ventilation, and need
for noradrenaline therapy. We also observed
a trend toward a greater need for renal
replacement therapy in the SF+ group
(SF+, 30%; SF— 17%; p=0.38). We
observed a significantly greater need for
second-line vasopressor therapy in the SF+
group (SF+, 50%; SF—, 15%; p=0.025).
The maximum dose of noradrenaline was
higher in the SF+ group, but the difference
was not statistically significant (SF+ group:
0.38 mcg/kg/min [range, 0.14-0.86 mcg/kg/
min] vs. SF— group: 0.30mcg/kg/min
[range, 0.20-0.40 mcg/kg/min]; p=0.55).
Both groups had similar initial C-reactive
protein, lactate, and maximum procalcito-
nin concentrations. We observed a signifi-
cantly  higher  initial = procalcitonin
concentration and significantly higher
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Table 2. Data on treatment course in the intensive care unit

SF+ group SF— group p-value
Duration of ICU treatment, days Il (6-15) 13 (9-17) 0.36
Duration of hospital treatment, days 14 (11-28) 22 (11-26) 0.55
Duration of mechanical ventilation, days Il (5-14) 12 (8-16) 0.43
Need for mechanical ventilation, % 80 75 >0.99
Need for noradrenalin therapy, % 100 89 0.57
Need for renal replacement therapy, % 30 17 0.38
Maximum dose of noradrenalin, mcg/kg/min 0.38 (0.14-0.86) 0.30 (0.20-0.40) 0.55
Need for second line vasopressor therapy, % 50 15 0.025
Initial C-reactive protein concentration, mg/| I51+38 164+ 50 0.44
Initial procalcitonin concentration, ng/ml 9.7 (7.1-21.1) 5.4 (4.5-6.9) 0.004
Initial lactate concentration, mmol/| 4.0 (2.25-5.23) 3.8 (2.6-6.0) 0.93
Maximum C-reactive protein concentration, mg/l 187 (172-227) 164 (143-184) 0.046
Maximum procalcitonin concentration, ng/ml 11.7 (7.2-21.1) 9.4 (6.9-14.4) 0.66
Maximum lactate concentration, mmol/I 5.0 (4.4-6.1) 4.0 (2.9-6.0) 0.038

SF+ patients with a positive SeptiFast assay; SF—, patients with a negative SeptiFast assay.
Values are expressed as median (25%-75% percentile), mean =+ standard deviation, or percentage.

maximum C-reactive protein and lactate
concentrations in the SF+ than SF— group
(9.7ng/ml [7.1-21.1ng/ml] vs. S5.4ng/ml
[4.5-6.9ng/ml], p=0.004; 187 mg/l [172-
227mg/l] vs. 164mg/l [143-184 mg/l],
p=0.046; and 5.0 mmol/l [4.4-6.1 mmol/l]
vs. 4.0mmol/l [2.9-6.0 mmol/l], p=0.038,
respectively).

Cost analysis

Antimicrobial treatment was adjusted
according to the results of the SF assay in
four (7%) patients. In three patients, an
antibiotic was added (cloxacillin for
Staphylococcus aureus, vancomycin for S.
aureus, and ertapenem for Escherichia coli).
In one patient, the antibiotic was discon-
tinued (azithromycin for S. pneumoniae).
The antimicrobial therapy given to SF+
and BC+ patients is presented in Table 3.
The cost difference for 1 week of anti-
microbial therapy between the SF+ and
SF— groups was not statistically significant
(SF+, 322 EUR [range, 162-336 EUR] vs.
SF—, 320 EUR [range, 160-380 EUR];
p=0.86). When the cost of the SF assay

itself was added to the calculation of costs
(at a set price of 150 EUR per SF assay
for material costs only),® the difference
remained statistically non-significant (SF+,
472 EUR [range, 308-476 EUR] vs. SF—,
470 EUR [range, 310-530 EUR]; p=0.67).
The cost difference between 7 days of anti-
microbial therapy with and without the cost
of the SF assay did not reach statistical
significance in the SF+ group (322 EUR
[range, 162-336 EUR] vs. 472 EUR [range,
308-476 EUR]; p=0.09) but was statistic-
ally significant in the SF— group (320 EUR
[range, 160-380 EUR] vs. 472 EUR [range,
308-476 EUR]; p <0.001).

Discussion

Our study revealed a trend toward higher
long-term mortality, a more difficult ICU
treatment course, and no significant differ-
ence in the cost of antimicrobial treatment in
patients with severe sepsis or septic shock
and a positive PCR assay.

Our data regarding ICU, hospital, and
long-term mortality are in line with previ-
ously published studies evaluating the role
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of PCR assays in sepsis in which the ICU
mortality rate was 39.1%,°% 34.3%,” and
29.7%,> respectively, compared with 40.0%
in the present study. High mortality rates in
the ICU (up to 80%), during hospitalization
(up to 90%), and in the long term have also
been previously reported; additionally, 20%
of survivors of sepsis diec within 1 month of
hospital discharge, 40% die within 1 year,
and 80% within 5 years.'""!?> To the best of
our knowledge, this is the first study to
evaluate long-term mortality in patients in
whom the SF assay was used. Our data
regarding the requirement for mechanical
ventilation, vasopressor support, and renal
replacement therapy are also in line with
previously published studies.'!!?

A higher rate of PCR than BC positivity
has been observed in several studies.
Tafelski et al."® performed a prospective
interventional study using the SF assay in 41
patients with sepsis, and 49% of patients
developed septic shock. They found positive
SF results in 10 (24.4%) patients and posi-
tive BC results in 5 (12.2%) patients. In
three (7.3%) patients, only the SF assay was
positive while the BC and all other micro-
biological samples remained negative.'?
Brealey et al.'* performed a multicentric
study in patients with suspected sepsis using
a new diagnostic system that enables whole-
blood analysis and combines two identifi-
cation techniques (PCR and electrospray
ionization—mass spectrometry [ESI-MS]).
In their study, 169 positive PCR/ESI-MS
results (from a total of 609 samples) were
BC-negative, while the negative predictive
value of the assay was 97%."

PCR assay positivity has also been asso-
ciated with higher organ dysfunction scores
and inflammatory marker levels in other
studies. In a prospective observational study
by Bloos et al.® involving 142 patients with
severe sepsis, 34.7% of patients had positive
SF results, while 16.5% of patients had
positive BC results; 21.4% of the results
were concordant between the SF assay and

BC. In that study, patients with a positive
SF assay had significantly higher organ
dysfunction scores and a trend toward
higher mortality.® Similarly, in another pro-
spective observational study by Bloos et al.’
involving 245 patients with suspected sepsis
but involving a different whole-blood multi-
plex PCR assay (VYOO; SIRS-Lab GmbH,
Jena, Germany), significantly higher C-reac-
tive protein concentrations and a trend
toward higher procalcitonin levels were
observed in patients with a positive PCR
assay, regardless of the concordance
between the results of the PCR assay and
standard BC.” The PCR assay positivity rate
was 30.0% and the BC positivity rate was
14.5% with a concordance rate of 8.7%
between the two tests.” Fitting et al.’ also
used the VYOO system in 72 patients with
sepsis, with a PCR positivity rate of 51.4%
and BC positivity rate of 20.0%. Because of
technical difficulties, they included only 72
of 300 planned patients, outlining the com-
plexities of performing PCR assays even in
academic centers.” In the present study,
17.5% of the SF results and 15.7% of the
BC results were positive (concordance of
11.1%).* We observed a significantly higher
initial procalcitonin, maximum C-reactive
protein, and maximum lactate concentra-
tion in patients with a positive than negative
SF assay, but no difference in the APACHE
II score was found between patients with a
positive and negative SF assay.*

The higher mortality in patients with a
positive PCR assay regardless of concord-
ance with the BC results might indicate that
the presence of free microbial nucleic acids
detected by the SF assay is a significant
event.” ® The importance of free microbial
nucleic acids has also been confirmed by the
presence of Toll-like receptors that recog-
nize microbial nucleic acids on vertebrate
T-lymphocytes, which are a part of the
innate immune response. Certain poly-
morphisms in these receptors are associated
with a more severe course of sepsis.'”
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Only whole-blood-based PCR assays
were used in previous studies that evaluated
the association between mortality and
inflammatory markers and the results of
PCR assays.” ' At present, several different
molecular diagnostic techniques can be used
to accelerate pathogen identification in
patients with sepsis.'* Higher concordance
between molecular diagnostic techniques
and standard BCs has been reported in
assays using a positive BC result as a starting
point for molecular diagnostic assays. These
assays can be based on PCR analysis or
other techniques (e.g., matrix-assisted laser
desorption/ionization time-of-flight mass
spectrometry).> However, because a posi-
tive BC result is only a starting point, higher
concordance, sensitivity, and specificity can
be expected but probably little additional
information can be gained (i.c., identifica-
tion of free microbial nucleic acids in BC-
negative samples).® New assays are being
developed, such as the PCR/ESI-MS assay,
which enables rapid analysis of whole
blood."*

Alterations of treatment based on the
positive results of whole-blood PCR assays
that can be performed apart from the
modification of antimicrobial therapy may
help to initiate more accurate and frequent
hemodynamic monitoring. This will ensure
adequate fluid and vasoactive supportive
therapy,'® better source control (if possible),
re-evaluation of adequate nutritional sup-
port,'” and prevention of ICU treatment-
related complications.'®

Bloos et al.” demonstrated that cost
savings can be expected with the use of a
PCS assay when the daily cost of ICU
treatment exceeds 717 EUR.” Cost savings
can be achieved through earlier initiation of
appropriate antimicrobial therapy and a
shorter ICU length of stay.” Idelevich
et al.'"” demonstrated that appropriate anti-
microbial therapy can be delivered 26h
earlier when an SF assay is introduced to
routine clinical practice. We did not observe

significant differences in the cost of 1-week
antimicrobial therapy between patients with
positive and negative SF assays, and the
addition of the material costs of the SF assay
to the 1-week cost of antimicrobial therapy
resulted in significantly higher cumulative
costs only in the SF- group. Great differ-
ences in the cost of antimicrobial therapy per
se could have contributed to this (e.g., 1 day
of therapy with flucloxacillin costs 29 EUR,
while 1 day of therapy with meropenem
costs 166 EUR).!°

Study limitations

The main limitation of the present study is
the small number of patients included in the
study and the small number of patients with
positive SF results. Additionally, we per-
formed multiple tests to compare the attri-
butes of two groups of patients (SF+ and
SF—). Performing tests on a larger number
of attributes increases the likelihood of
differences between groups because of
random errors, not because they are true.
Second, this was a post-hoc analysis of a
study originally When the study was
designed and conducted, few data were
available on the use of PCR assays in the
routine clinical setting, and the number of
included patients was limited by the avail-
ability and cost of the assay. Additionally,
little data are available on the use of PCR
assays in the subgroup of patients with
septic shock,? and no data are available on
long-term mortality in patients with positive
PCR assays. Third, the decision to institute
second-line vasopressor therapy was left to
the attending physician, reducing the applic-
ability of our results. However, our patients
required high doses of noradrenaline to
maintain their blood pressure (median,
0.38 mcg/kg/min in the SF+ group and
0.3mcg/kg/min in the SF— group).
Administration of non-catecholamine vaso-
pressors is recommended for patients
requiring high doses of catecholamines
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to maintain their blood pressure.’ Finally,
interpretation of the SF assay results and
decision to adjust the antimicrobial treat-
ment was not protocol-driven but left to the
attending physician. The attending phys-
icians’ decisions to adjust antimicrobial
therapy were not based solely on the results
of the SF assay but also on additional data.
For example, in patients with Escherichia
coli sepsis (Table 3, patient No. 5), the
decision to add ertapenem was also based
on the patient’s progression of multiple
organ failure after admission, frequency of
previous hospitalizations, and important
comorbidities (hepatic cirrhosis). Our
patient died on day 2 of treatment, before
the results of the BC and other microbio-
logical samples could be obtained.

Conclusion

In patients with a positive PCR assay, we
observed a trend toward a higher long-term
mortality rate and more difficult ICU course
of treatment; however, we found no differ-
ence in the cost of antibiotic treatment,
possibly suggesting that a positive SF assay
result can predict a more difficult course of
treatment in patients with sepsis.
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