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Abstract
Background When post-neurosurgery patients develop fever, there are no convenient methods to
immediately indicate the site of infection. The choice of empirical antibiotic therapy is evidently different
in nosocomial meningitis compared to ventilator-associated pneumonia or urinary tract infection.
Conventional bacterial cultures have a risk of being false negative due to antibiotic prophylaxis, and
direct microscopic analysis of cerebrospinal �uid from such patients has limited diagnostic value. Due to
the substantial mortality associated with nosocomial meningitis, broad spectrum antibiotics in high
dosage are therefore commonly administered. Neutrophils as innate immunity system, trap and kill
bacteria by neutrophil extracellular traps (NETs). NETs is composed of extracellular DNA and is released
in cerebrospinal �uid during bacterial meningitis. Using a combination of sulphated-glycosaminoglycan
and aniline dyes a platform was developed that reacted to extracellular host DNA and changed color
within one minute in proportion to the amount of NETs in body �uid. This present study aimed to evaluate
the sensitivity and speci�city of the index strip test in identifying the site of infection. Methods Between
November 2015 and November 2017, cerebrospinal �uid, bronchoalveolar �uid, and urine were collected
on Mondays and Thursdays from the patients during the course of management (199 samples from 117
cases). The rapid strip test (1 minute) was used for simultaneous analysis of the fresh samples. The �nal
diagnosis was settled at discharge. Results A total of 75 patients (64%) had received empirical antibiotic
therapy against nosocomial meningitis, while only 19 patients (16%) had a veri�ed diagnosis. The strip
test could distinguish a veri�ed meningitis (n=19) with 89.5% sensitivity and 92.5% speci�city. The test
also identi�ed ventilator-associated pneumonia (n=32) with 93.8% sensitivity and 86.8% speci�city.
Conclusions The rapid strip test analyzed cerebrospinal and bronchoalveolar �uid from febrile patients
post-neurosurgery and indicated the site of infection with clinically relevant sensitivity and speci�city,
indicating its potential to minimize the unnecessary use of antibiotics.

Background
An infection occurs when invading pathogenic microorganisms gain a foothold, succeed in growing, and
thereby disturb the normal physiological properties of the tissue [1]. To minimize injuries, the microbe
responsible for the infection must be identi�ed, its susceptibility to antibiotics determined, and effective
therapy initiated immediately [2]. The discovery and implementation of antibiotics is tremendously
valuable in targeting speci�c pathogens, effectively eliminating them, and saving lives and resources [3].
However, su�cient guidelines and proper diagnostic instruments are not always available to
communities to support proper antibiotics administration. Insu�cient compliance regarding intake and
unregulated administration has, in part, resulted in development of resistant bacterial strains [4].
Decreasing the consumption of antibiotics has a direct impact on reducing multidrug-resistant bacteria
[5]. It is therefore urgent to develop screening tests for the early diagnosis of infections prior to the
ultimate identi�cation of the microorganism.

The diagnosis of nosocomial meningitis in patients who have undergone neurosurgical procedures is a
substantial medical challenge [6], including its differential diagnosis from ventilator-associated
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pneumonia (VAP)[7]. The presence of an elevated number of leukocytes or red blood cells or a high level
of lactate in the cerebrospinal �uid (CSF) of an injured brain is a suboptimal indicator of bacterial
infections [8]. Furthermore, most postoperative neurosurgical patients receiving ventilator support have
some degree of suspected in�ltration/atelectasis on chest X-ray [9]. Bacteriuria is evidently common in
catheterized patients [10]. 

Systemic in�ammatory response markers such as C-reactive protein (CRP) and procalcitonin may or may
not be elevated and do not indicate the site of infection[11].Conventional bacterial cultures have low
sensitivity to detect an infection due to antibiotic prophylaxis in severe cases or to the fact that
nosocomial infections are commonly caused by slow-growing opportunistic bacteria[12]. Furthermore,
such infections do not induce CRP or procalcitonin elevation in all of the cases [13]. Therefore,
irrespective of the routine analysis and culture results, broad-spectrum antibiotics to cover severe
nosocomial meningitis are administered to patients that develop fever post-neurosurgery [6].

The local innate immunity system, which can be assessed based on activated neutrophils, can be used to
develop rapid point-of-care tests [14]. Neutrophils are the immune system's �rst-line of defense against
infection and have conventionally been thought to kill invading pathogens through two strategies:
engulfment of microbes and secretion of anti-microbials. In 2004, a novel third function was identi�ed:
formation of neutrophil extracellular traps (NETs). NETs are networks of extracellular �bers, primarily
composed of DNA from neutrophils, which bind pathogens [15]. NETs allow neutrophils to kill
extracellular pathogens while minimizing damage to the host cells. Upon in vitro activation with the
pharmacological agent phorbol myristate acetate (PMA), Interleukin 8 (IL-8) or lipopolysaccharide (LPS),
neutrophils release granule proteins and chromatin to form an extracellular �bril matrix known as NETs
through an active process [15]. NETs disarm pathogens with antimicrobial proteins such as neutrophil
elastase, cathepsin G and histones that have a high a�nity for DNA [16]. NETs provide for a high local
concentration of antimicrobial components and bind, disarm, and kill microbes extracellularly
independent of phagocytic uptake. In addition to their antimicrobial properties, NETs may serve as a
physical barrier that prevents further spread of the pathogens. Furthermore, delivering the granule
proteins into NETs may keep potentially injurious proteins like proteases from diffusing away and
inducing damage in tissue adjacent to the site of in�ammation [15-16].Vital NETosis can be stimulated
by bacterial lipopolysaccharide (LPS), other bacterial products, TLR4-activated platelets, or complement
proteins in tandem with TLR2 ligands [17]. Vital NETosis is made possible through the blebbing of the
nucleus, resulting in a DNA-�lled vesicle that is exocytosed and leaves the plasma membrane intact [17].
Its rapid formation and release does not result in neutrophil death, however, the cell is without DNA,
raising questions about whether a cell without DNA can be considered alive. It has been noted that
neutrophils can continue to phagocytose and kill microbes after vital NETosis, highlighting the
neutrophil's anti-microbial versatility [18]. The ultrastructure of NETs is unusual; NETs consist of smooth
�laments with a diameter of ∼17 nm [15], composed of stacked, and probably modi�ed, nucleosomes
[19].
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NETosis is a form of “aggressive” neutrophil cell death that constrains and kills pathogens; in the end it is
the physiological background of what has long been known as pus.

We recently assessed the ability of a strip test (index test) designed to detect locally produced substances
including extracellular DNA extruded from activated neutrophils [20] to diagnose infection in body �uids.
Metachromasia is a characteristic color change exhibited by certain aniline dyes upon binding to
chromotropic substances [21] and this phenomenon has been widely used in histology. Methylene blue
(O-Toluidine) is an excellent metachromatic dye that changes from blue to pink upon binding to high-
molecular-weight polysaccharides, such as sulfated glycan [22]. Methylene blue binds to DNA/nucleotide
with high a�nity. Therefore, the pink dye will then quickly turn back to blue following addition of a
proportional amount of oligo-nucleotide (inverted metachromasia).  This present pilot study aimed to
evaluate the sensitivity and speci�city of the index test in identifying the site of infection. Left-over CSF,
endotracheal secretion, and urine samples were consecutively collected from patients at a neurosurgical
intensive care unit (ICU) and analyzed using a rapid strip test within a few hours after sampling.

Methods
Design: A pilot evaluation of a rapid screening test using left-over samples.

Setting: Neurosurgical intensive care unit at Linköping University Hospital, Sweden.

Subjects: Patients admitted to the neurosurgical intensive care unit.

Samples: As part of a routine procedure between November 2015 and November 2017, a total of 199 CSF
samples were collected by nurses every Monday and Thursday from patients during their course of
treatment at the neurosurgical ICU at Linköping University Hospital, Sweden. Endotracheal aspiration
samples (ventilators, n=73) and urine samples (indwelling catheters, n=71) were collected from the
patients when indicated. Due to agreement with the personnel, the study nurse transferred the samples
into coded tubes. The study leader analyzed the samples using a strip test on the same day of sample
collection and registered the results in an Excel database. The samples were subsequently kept frozen at
-135°C. The patients were treated according to the guidelines of the clinic. The senior specialist at the
Department of Infectious Diseases was consulted for each patient. Because such study was not
performed previously, a pilot study was needed to evaluate the results and calculate the sample size for a
prospective study. Therefore, the sample collection was paused in November 2017. During April-July
2018, patient journals were studied by project leader and information about age, sex, CSF cells and
lactate, CRP, cultures from CSF, blood and endotracheal secretion, the chest X-ray, the antibiotic therapy,
and the �nal diagnosis at discharge was registered for each case using the primary codes. The ethical
committee of Linköping University Hospital approved this study (2010/284-32, 2015/429-32) and granted
permission to collect the samples and document the unidenti�ed cases by study leader. The study has
been registered on clinicaltrials.gov (NCT03252028).
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Index Test Analysis

The strip tests (PEAS Institut, Linköping, Sweden article number 07350063630229, batch PKSR20151102,
stability 2 years), used in this study were manufactured for R&D purposes. They consisted of 0.5 × 0.5 cm
surfaces containing different levels of dextran sulfate and o-toluidine blue. Three or �ve such surfaces
were attached to a plastic support (0.5 × 13 cm), forming a strip. The testing procedure was as follows:
the strip test was dipped in the sample for 5 seconds, and then removed and placed on its edge for 5
seconds on a tissue paper to remove excess liquid. The result was observed within 1, 10, and 20 minutes
after the reaction, and the color change was compared with a color chart.

 

Statistics

The sensitivity, speci�city, negative predictive value, and positive predictive value of the index test were
calculated by Medcalc (https://www.medcalc.org/calc/diagnostic_test.php). Data from patients were
used to evaluate differences between the results before and after therapy. In 19 patients with VAP, the
results from the �rst and second test occasions were compared using the Wilcoxon matched-pairs
signed-rank test. For post-hoc power analysis of data, a dichotomous endpoint, one-sample study design
was used [23].

Results
Empirical Antibiotic Therapy

In total, 75 out of 117 patients (64%) included in the study received empirical antibiotic therapy for
suspected meningitis when signs of an infection with an unclear focus were observed. The therapy
consisted of cefotaxime 3 g 3-4 times daily or meropenem 3 g 3 times daily + vancomycin 1 g 2-3 times
daily. In the rest of the cases, empirical antibiotic therapy for other nosocomial infections such as
cefotaxime 1 g 3 times daily or piperacillin/tazobactam 4 g 3 times daily was initiated. In seven cases
(0.06%), no antibiotics were administered.

 

Identi�ed Groups

Veri�ed Central Nervous System Infection: Nineteen patients (total 30 samples, 8 females and 11 males,
1-87 years old, median age 62 years) had a veri�ed central nervous system (CNS) infection. The samples
were collected from CSF in which the cultures yielded growth of bacteria (n=15) (Table 1, Fig. 1). Ten
patients underwent neurosurgery due to shunt-related infection; in these patients, the preoperative
cultures yielded growth of Staphylococcus aureus (n=2), Propionibacterium acnes (n=3), alpha-hemolytic
streptococci (n=2), Staphylococcus epidermidis (n=2), and Enterobacter cloacae (n=1). In patients who
underwent neurosurgery due to complications of meningitis, the preoperative cultures yielded growth of
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Streptococcus pneumoniae (n=3). Moreover, Escherichia coli (n=1) was cultured from subdural empyema.
One patient suffered from brain toxoplasmosis (n=1). Four cases developed CNS infection post-
neurosurgery. Cultures were negative in three cases (visible pus/turbid CSF), and sepsis and meningitis
caused by Achromobacter spp. were found in one case. In seven cases, two to four samples on different
occasions were collected.

 

CNS infection was not veri�ed: Eighteen patients (total 32 samples, 6 females and 12 males, 41-85 years
old, median age 61.5 years) had been treated as CNS infection. However, cultures from CSF did not yield
growth of bacteria. (Fig. 1) (Supplementary material) [24].

 

Nosocomial Pneumonia: In total, 38 patients (17 females, 20-80 years old, median age 62 years)
developed pneumonia post-neurosurgery. CSF samples were collected (n=71) from these patients. The
patients were on ventilators and developed fever, and the chest X-ray revealed in�ltrates (n=37). The
cultures from endotracheal secretion revealed growth of bacteria (n=24) (Table 2), and the CRP (range 5-
491 mg/mL, median 61 mg/mL) and procalcitonin (range 0.1-14.0 µg/L, median 0.2 µg/L) levels were
elevated. Extra endotracheal secretion samples for index test analysis were available in 32 patients (total
57 samples) (Table 2). In 19 cases, two to six samples on different occasions were collected. This group
showed signi�cant differences between the index test results before and after antibiotic therapy (Fig. 2).

 

Other Postsurgical Infections: A total of 42 patients (total 66 samples, 16 females, 2-84 years old, median
age 63 years) had postsurgical infections other than CNS infection or VAP. In this group, the CSF cultures
yielded no growth, and no radiological evidence of pneumonia was seen (Fig. 1). Five patients
experienced septicemia, and blood cultures yielded growth of Serratia marcescens (n=1), coagulase-
negative staphylococci (n=1), Enterococcus faecalis (n=1), Staphylococcus aureus (n=1), and Escherichia
coli (n=1).

 

Validity of the Index Test to Identify the Focus of Infection

CNS Infection: As the golden standard for diagnosing CNS infection, positive CSF cultures were used. In
three cases, visible pus or turbid CSF con�rmed a diagnosis of CNS infection (n=19). Patients with
nosocomial pneumonia + other infections (neither CNS infection nor VAP, n=80) were used as the control
group. The index test identi�ed a CNS infection with 89.5% sensitivity (95% con�dence interval [CI] 66.9-
98.7%), 92.5% speci�city (95% CI 84.4-97.2%), 97.4% negative predictive value (95% CI 90.9-99.2%), and
73.9% positive predictive value (95% CI 56.4-86.2%). Accuracy was 91.9% (Table 3).
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In the patients that ful�lled therapy as bacterial meningitis without an objective evidence of meningitis
(n=18), the index test showed positive result with 66.6% sensitivity (95% CI 40.9-86.6%), 92.5% speci�city
(95% CI 84.4-97.2%), 92.5% negative predictive value (95% CI 86.4-95.6%) and 66.6% positive predictive
value (95% CI 46.4-82.1%).

 

Nosocomial Pneumonia: Patients who ful�lled the criteria for nosocomial pneumonia (n=32) were used
as positive controls. The control group comprised patients with CNS infection + other infections (neither
CNS infection nor VAP, n=38) in which the index test was performed on endotracheal secretion. Analysis
revealed that the index test could distinguish pneumonia from other postsurgical infections with 93.8%
sensitivity (95% CI 79.2-99.2%), 86.8% speci�city (95% CI 71.9-95.6%), 94.3% negative predictive value
(95% CI 81.1-98. 5%), and 90% positive predictive value (95% CI 80.5-95.9%). Accuracy was 90.0% (Table
4).

The index test results for sputum differed signi�cantly between samples taken at the �rst and second
occasions (P=0.0008). There were no signi�cant differences in CRP (P=0.4545), procalcitonin (P=0.7995),
or leukocyte particle concentration (P=0.1353) levels between the �rst and second analyses
(Supplementary material).

 

Urinary Tract Infection: In 23 patients, urine cultures yielded growth of the following bacteria:
Pseudomonas aeruginosa (n=3), Escherichia coli (n=8), Enterococcus faecalis (n=5), Klebsiella
pneumonia (n=2), Enterobacter cloacae (n=2), and extended-spectrum beta-lactamase producing bacteria
(n=1). Candida albicans was also found (n=2). The index test was performed in 72 patients. The
sensitivity of the strip test in urine samples collected from catheters was 78.6%, speci�city 55.2%,
negative predictive value 91.4%, and positive predictive value 29.7%.

 

Post-Hoc Power Analysis

Among the patients, 64% received empirical antibiotic therapy against nosocomial CNS infection,
whereas 16% of patients had CNS infection. If the test could identify cases that should receive antibiotics
successfully, the sample size with 95% power was 10. The post-hoc power of the study was 99.9%
(dichotomous endpoint, one-sample study [23].

Discussion
We investigated the sample size needed to evaluate an index test and identify the source of infection
when there were no golden standards to distinguish fever caused by meningitis from nosocomial
pneumonia or indwelling catheter-related urinary tract infection at an early stage. The index test identi�ed
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nosocomial CNS infection by analysis of CSF and could diagnose nosocomial pneumonia by analysis of
endotracheal secretion within 1 minute with an adequate power and accuracy.

Nosocomial bacterial meningitis may result from invasive procedures such as craniotomy, complicated
head trauma, or metastatic infection in the course of bacteremia [6]. Bacterial meningitis, as a serious
complication, occurs in 0.8-1.5% of patients who undergo craniotomy [25]. The incidence of meningitis
associated with internal ventricular catheters, used for the treatment of hydrocephalus, ranges from 4% to
17% [25]. While that associated with external catheters is approximately 8% [26]. External lumbar
catheters have been associated with meningitis rates of up to 5% [27]. Meanwhile, the incidence of
meningitis after head trauma is estimated to be 1.4% [28]. Closed head trauma with basilar skull fracture
is associated with up to 25% increased risk of infection [28]. Head trauma is the most common cause of
recurrent bacterial meningitis [29]. Therefore, a clinical suspicion of nosocomial bacterial meningitis
should prompt a diagnostic workup and antimicrobial therapy [6]. The workup consists of neuroimaging,
CSF analysis (cell counts, Gram’s staining, biochemical tests for glucose and protein, and cultures), and
blood cultures [6].  The diagnosis of nosocomial bacterial meningitis is based on the results of CSF
cultures. However, cultures require prolonged incubation, and results may be negative in patients who
have received previous antimicrobial therapy [6]. Cell counts in CSF have low sensitivity and speci�city
and might be normal in patients in whom meningitis was con�rmed by culture [8]. Moreover, pleocytosis
is often observed in patients without positive cultures [8]. In patients subjected to neurosurgery, a lactate
level ≥4 mmol/L in CSF showed a sensitivity of 88% and speci�city of 98% to diagnose a postsurgical
meningitis [30-31]. However, in bacterial meningitis associated with CSF shunts, the sensitivity of CSF
lactate level was low [26]. Although, elevated levels of CRP and serum procalcitonin are suggestive of
bacterial infection, they do not establish the diagnosis and the usefulness of these markers in the
diagnosis of nosocomial bacterial meningitis has not been determined [11]. The British Society for
Antimicrobial Chemotherapy recommends empirical therapy for all patients showing signs of
postoperative meningitis. Treatment should be withdrawn after 72 hours if the results of CSF cultures are
negative [24]. Thus, the patients in our pilot study in which, CSF cultures yielded no growth, the diagnosis
of meningitis was not established and this group could not be used as appositive control group. However,
patients who have received previous antimicrobial therapy may require treatment despite negative culture
results [6]. The median antibiotic treatment duration for post-neurosurgical meningitis was reported to be
17-22.5 days [32]. The results of the present study showed that the index test could rule-out CNS infection
with 97% negative predictive value and a signi�cant reduce in antibiotic consumption is therefore,
expected.

            Nosocomial pneumonia is the most common cause of death among nosocomial infections and is
the primary cause of death in ICUs [33]. Patients with risk factors or signs of clinical decompensation
should have empirical therapy initiated at a lower threshold, and the therapy should be directed at a
con�rmed infection following positive culture results [34]. Early administration of empirical antibiotic
therapy is recommended in VAP. VAP is the main cause of antibiotic use in ICUs. The rate of VAP reaches
up to 40% for brain-injured patients hospitalized in the ICU [7]. Rather than using a combination of CRP,
procalcitonin, or other biomarkers plus clinical criteria, the clinical practice guidelines by the Infectious
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Diseases Society of America and the American Thoracic Society recommend using the clinical criteria of
disease alone in deciding whether or not to initiate antibiotic therapy [35]. For patients with VAP, a 7-day
course of antimicrobial therapy is recommended [35]. The result from the present pilot study indicates
that using the index test could with a sensitivity and speci�city >90% identify the patients with VAP and
therefore motivate a shorter course of antibiotic therapy using smaller spectrum antibiotics.

More than 30% of nosocomial infections comprise urinary tract infections. The origin of nosocomial
bacteria is endogenous (the patient’s �ora) in two-thirds of cases. Patients with indwelling urinary
catheters are at high risk of developing nosocomial infections, especially urinary tract infections [36]. In
this present study on patients receiving antibiotic prophylaxis and febrile patients with heavy empirical
antibiotic therapy, data about nosocomial urinary tract infections were not reliable and the index test was
positive in patients in which it is not possible to con�rm or rule out the disease. The cutoff test used [37]
was not appropriate for urine samples.

Based on the clinical guidelines and due to severe complications of delayed therapy, empirical antibiotic
treatment is recommended in patients who develop fever post-neurosurgery. In this study, 64% of patients
who underwent neurosurgery at our department received empirical therapy against nosocomial CNS
infection with high doses of broad-spectrum antibiotics. Of the total 117 patients included in the study,
only 7 patients (0.06%) did not receive antibiotics. However, we observed that 19 patients (16%) had a
con�rmed CNS infection and 32 patients (27%) had VAP. These �ndings indicate the value of screening
tests in distinguishing the site of infection and ruling out the most severe CNS infection long before the
culture results are available.

This study has a limitation. It has only provided indirect evidence that the index test can result in the
decrease in inappropriate use of antibiotics. The results of this work should be con�rmed in multicenter
prospective studies using the results from the pilot study to calculate the patient size and power.

Conclusions
The local production of injured organ cells and activated leukocytes during an unspeci�c immune
reaction was used to construct a test platform for locating the site of infection in febrile patients who had
undergone neurosurgery. The study revealed that this rapid screening test could identify the site of
infection with clinically relevant sensitivity and speci�city, indicating its potential to minimize the
unnecessary use of antibiotics. If our primary results are con�rmed through independent multicenter
prospective studies, we will have access to a tool to guide antibiotic therapy and save resources even in
non-equipped centers where the misuse of antibiotics is most rampant.

Abbreviations
NETs: Neutrophil extracellular traps

DNA: deoxyribonucleic acid
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IDSA: Infectious Diseases Society of America

CSF: Cerebrospinal �uid

CRP: C-reactive protein

PMA: Phorbol myristate acetate

IL-8: Interleukin 8

LPS: Lipopolysaccharide

ICU:  Intensive Care Unit

CNS: Central Nervous System
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sex age dExact
CSF

dExact
urine

dExact
bronchial
fluid

CRP
mg/L

PCT
µg/L

CSF WBC
x 109

CSF
Poly
x
109

CSF
lactate
mmol/L

Microbiologic
assessments

M 87 pos pos neg 133 0.1 3840 3680 9.8 neg
M 76 pos nd nd 99 3.5 346  

188
4.4 Streptococcus

pneumoniae
F 69 pos pos neg 20 0.1 8.8  

0
3.4 Staphylococcus.

aureus
F 71 neg nd nd 117 0.1 385  

215
7.9 Staphylococcus.

aureus
M 70 pos pos neg 260 8.0 12.2 0.6 6.5 Escherichia coli
M 68 pos pos neg 38 0.1 21.4  

0.6
2.1 Propionibacterium

acnes
F 69 neg neg neg 423 3.3 281 67 3.2 neg (visible pus)
M 69 pos nd nd 5 0.1 25.8 3 2.8 neg (visible pus)
F 65 pos nd nd 198 0.4 2.5  

0.5
3.3 Propionibacterium

acnes
M 62 pos pos neg 5 0.1 2.8 0 2.1 Toxoplasmosis
F 61 pos pos pos 40 0.1 8640  

4080
3.1 alpha

streptococcus
F 60 pos neg nd 14 0.1 9.7  

2.5
2.3 Staphylococcus

epidermidis
F 50 pos nd nd 136 0.2 974  

916
6.8 Enterobacter

cloacae
M 48 pos pos pos 273 13 1295  

1095
5.4 Streptococcus

pneumoniae
M 48 pos neg neg 192 0.2 257.5  

130
4.4 Staphylococcus

epidermidis
F 40 pos pos neg 34 0.1 6.5  

2.6
2.1 Propionibacterium

acnes
M 36 pos pos pos 131 0.2 1950 1716 3.3 Achromobacter
M 15 pos neg neg 11 0.1 295  

5
6.5 alpha

streptococcus
M 1 pos neg nd 161 0.5 na  

na
na Streptococcus

pneumoniae

Table 1:  The diagnosis of CNS infection was verified in 19 cases. F= female, M= male. neg= negative, pos=

positive, nd= non-defined, na=not available
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sex age Index
CSF

Index
urine

Index
lung

CRP PCT CSF
LPK

CSF
lactate

Culture from
bronchial secretion

M 80 neg pos pos 61 0.8 231 5.2 neg
F 78 neg pos pos 122 0.1 168 3.8 neg
F 73 neg pos pos 87 0.2 11.3 3.3 Streptococcus

pyogenes +
Corynebacterium

M 70 neg pos pos 41 nd 270 2.8 neg
F 68 pos pos pos 270 0.3 565 3.4 Hemophylus

influenzae neg
M 68 neg pos pos 32 0.1 12.2 2.1 Hemophylus

influenzae
F 68 neg neg pos 132 0.3 6 3.2 Proteus mirabilis +

Serratia marcenses
M 68 neg nd nd 44 0.2 8.9 3.1 Klebsiella
F 66 pos pos pos 27 0.1 67.5 2.5 Neisseria

flavenscens
F 65 neg neg pos 169 0.6 20 2.6 neg
M 65 pos pos pos 114 0.1 660 3.2 Enterobakter +

Hemophylus
influenza

M 65 neg neg nd 173 0.1 16.3 2.5 Pseudomonas
aeroginosa

M 64 pos pos pos 243 0.6 6.4 2.9 neg
M 64 neg pos neg 173 0.5 117 5.2 Staphylococcus

aureus
M 63 neg pos pos 347 3.9 37.5 3.3 Alpha Streptococker

+ citerobacter
F 62 neg pos pos 49 0.1 5.4 2.2 Enterococcus fecalis
F 61 neg neg pos 102 1.3 19 4.0 neg
M 63 neg pos pos 80 0.2 305 4.7 neg
F 62 neg nd pos 28 0.1 1.9 2.9  Pasturella canis +

Escherichia coli
F 59 neg nd pos 28 0.1 37 4.0 Moraxella

catarrhalis
F 60 neg neg pos 10 0.1 129.4 4.3 neg
F 57 neg pos pos 180 2.1 na 3.8 neg
F 54 neg nd nd 101 0.1 40.8 3.1 Staphylococcus

aureus
M 54 neg nd pos 72 0.8 na na Staphylococcus

aureus
M 55 neg nd pos 28 ej 61 3.8 Streptococcus

pneumonae +
Hemophylus
influenzae

M 53 neg pos pos 154 0.4 1.4 4.0 neg
F 52 neg neg pos 127 0.3 1.0 1.7 Hemophylus

influenzae
M 43 neg pos pos 74 0.2 160 4.4 Alpha Streptococker
M 42 neg pos pos 136 0.2 77 3.5 Hemophylus

influenza
M 40 neg neg pos 127 0.1 3.9 1.9 Hemophylus

Influenza
M 30 neg neg pos 81 0.1 0.6 1.6 Candida albicans +

Candida dublinesis
F 39 neg neg neg 52 0.3 na 3.1 neg
F 38 pos pos pos 138 0.4 155 2.1 Klebsiella
M 33 neg nd nd 110 0.1 2.2 1.4 Enterobacter +
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Staphylococcus
aureus

M 35 neg pos pos 272 0.6 6.9 4.0 Serratia marcenses
M 25 neg nd pos 425 14.0 5.0 3.2 neg
M 21 neg pos pos 115 13 5.6 2.1 neg
F 20 neg nd nd 54 0.1 325 3.1 Pseudomonas

aeroginosa +
Hemophylus
influenza

 Table 2: The patients that had a verified diagnosis of pneumonia 

 

Central nervous system (CNS) infection

Index test Present n Absent n Total

Positive

Verified diagnosis

True Positive a=17 False Positive c=6 a+c=23

Negative

(VAP, sepsis, other infections)

False Negative b=2 True Negative d=74 b+d=76

Total   19   80 99

Table 3: Analysis of the index dip-test ability to distinguish CNS infection (verified) shows 89.5% sensitivity (95%

CI 66.9-98.7%), 92.5% specificity (95% CI 84.4-97.2%), 97.4% negative predictive value (95% CI 90.9-99.3%) and

73.9% positive predictive value (95% CI 56.4-86.2%). Accuracy was 91.9%.

 

Ventilator associated pneumonia (VAP)

Index test Present n Absent n Total

Positive True Positive a=30 False Positive c=5 a+c=35

Negative

(Meningitis, sepsis, other infection)

False Negative b=2 True Negative d=33 b+d=35

Total   32   38 70

Table 4: Analysis of the index dip-test ability to distinguish respiratory infection shows 93.75% sensitivity (95%

CI 79.2-99.2%), 86.8% specificity (95% CI 71.9-95.6%), 94.3% negative predictive value (95% CI 81.1-98.5%) and

90% positive predictive value (95% CI 80.5-95.9%). Accuracy was 90.0%.
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Figures

Figure 1

Flowchart of the study samples. CNS, central nervous system.
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Figure 2

In 19 cases, two to six samples were collected on different occasions during the patients’ stay in the
ward. There were signi�cant differences between the index test results before (Occasion 1) and after
(Occasion 2) antibiotic therapy in this group.
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