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Abstract
Purpose: Nosocomial infections are some of the main causes of worsening outcomes and death in aneurysmal subarachnoid hemorrhage patients. We hypothesize 
that combination of clinical parameters and blood biomarkers could increase the capacity of individual markers to dichotomize the patients at risk of infections. 

Methods: The present study included 104 patients (69 infected/35 non-infected) from two independent European cohorts. Accuracy of biomarkers (serum amyloid A, 
C-reactive protein, neopterin and WBC) and clinical parameters (WFNS, GCS and age) were evaluated at hospital admission using receiver operating characteristic 
curves. The most accurate panel combination was obtained using Panelomix.

Results: At hospital admission, the most sensitive parameters for the stratification of patients at risk of developing an infection were SAA and the WFNS. To reach 
a SP of 100% (95% CI, 100–100), SE values of 26.9% (95% CI, 15.9–38.1) and 31.9% (95% CI, 21.7–43.5) were obtained respectively. Moreover, the combination of 
SAA, WBC, WFNS, and age significantly improved the SE to 64.3% (95% CI, 50–78.6). 

Conclusions: At hospital admission the panel SAA, WBC, WFNS, and age appear as a promising tool for predicting in-hospital infections, which could lead to a 
better management of patients and in their associated outcomes. 

Abbreviations:  aSAH: aneurysmal subarachnoid hemorrhage; AUC: area under the ROC curve; CI: confidence interval; CRP: C-reactive protein; ELISA: enzyme-
linked immunosorbent assay; GCS: Glasgow Coma Scale; GOS: Glasgow Outcome Scale; ICU: intensive care unit; MSD: mesoscale discovery; NP: neopterin; 
ROC: receiver operating characteristic; SAA: serum amyloid A; SE: sensitivity; SP: specificity; UTI: urinary tract infection; WBC: white blood cells; WFNS: World 
Federation of Neurosurgical Societies.

Introduction
Nosocomial infections are common complications in patients 

suffering from aneurysmal subarachnoid hemorrhage (aSAH). 
Pneumonia and urinary tract infections (UTI) are the most prevalent, 
developing in at least one third of aSAH patients [1,2]. Such infections 
can significantly impair patients’ outcomes, prolonging hospital 
stays, and increasing associated rates of morbidity and mortality [3-5]. 
Identifying patients at a higher risk of developing an infection is crucial to 
promptly improve treatment for a potentially long-lasting disability [6,7]. 

Blood biomarkers can be effective risk assessment indicators; 
they can provide information about the disease’s pathophysiology 
and, furthermore, they are objectively measurable throughout 
hospitalization [8,9]. In stroke patients, C-reactive protein (CRP) or 
white blood cells (WBC) are the two most commonly used infection 
markers [10,11]. However, for aSAH patients, no blood biomarkers are 
available in clinical practice. We recently showed that neopterin (NP) 
and serum amyloid A (SAA) could be promising predictive markers of 
infection as their plasma concentrations were significantly higher in 

patients developing infection during hospitalization compared to those 
who did not [12-14]. 

The utility of combining multiple parameters to improve the 
performance of individual markers has been described previously 
[15-19]. Therefore, in the present study, we postulated that combining 
previously described blood biomarkers with aSAH clinical parameters 
might be an efficient strategy for the stratification of patients in need 
of prophylactic antibiotherapy. Firstly, we evaluated how effectively 
different blood biomarkers (SAA, CRP, NP, and WBC) and clinical 
parameters (GCS, WNFS, Fisher, and age) at hospital admission were 
in identifying patients who subsequently developed an infection during 
hospitalization. Secondly, we tested which combination of parameters 
formed the best test panel for predicting the risk of infection.

*Correspondence to: Jean-Charles Sanchez, Translational Biomarker Group, 
Department of Human Protein Sciences, Rue Michel Servet 1, CH-1211 Genève 
4, Switzerland, Tel: +41 22 379 54 86;  Fax: +41 22 379 55 05; E-mail: jean-
charles.sanchez@unige.ch 

Received: March 28, 2017; Accepted: April 15, 2017; Published: April 17, 2017



Azurmendi L (2017) Infection prediction for aneurysmal subarachnoid hemorrhage patients at hospital admission: combined panel of serum amyloid A and 
clinical parameters

J Transl Sci, 2017         doi: 10.15761/JTS.1000185  Volume 3(3): 2-5

Materials and methods
Patient description

The present study included 104 patients from two different 
cohorts of patients: 25 patients admitted consecutively to the Charité 
Universitätsmedizin Hospital in Berlin (Germany) between January 
2010 and August 2012 and 79 patients admitted consecutively to the 
Pitié-Salpêtrière Hospital in Paris (France) between July 2004 and April 
2008. 

The present study was approved by both hospitals’ ethics 
committees: the Local Research Ethics Committee at Charité Virchow 
Medical Center and the Patient Protection Committee at the Pitié-
Sapêtrière Hospital respectively. As per the Declaration of Helsinki, 
all the patients or the legal representatives signed an informed consent 
form.

The inclusion criteria for the present study were: 1) aged 18 years 
old or above, 2) aSAH confirmed by computed tomography and 
angiography, and 3) hospital admission within 48 hours of the onset of 
the hemorrhage. Patients presenting with more than one hemorrhagic 
event, not enough sample volume, and/or missing clinical information 
were excluded (Supplementary figure 1). 

The severity of aSAH patients was assessed at hospital admission 
using the World Federation of Neurosurgical Societies scale (WFNS 1–5) 
[20]. Patients were dichotomized between good (WFNS 1–2) or poor 
neurological state (WFNS 3–5) depending on their initial clinical state. 
According to the Glasgow Coma Scale (GCS) patients were separated 
into three groups: patients with severe brain injury (GCS<9), moderate 
brain injury (GCS 9–12), and minor brain injury (GCS ≥ 13) [20,21]. 
The severity of the hemorrhage was established according to the Fisher 
score [22]: grade 1, no subarachnoid blood; grade 2, broad diffusion of 
subarachnoid blood; grade 3, with clots or thick layers of blood; grade 4, 
intraventricular hemorrhage or intracerebral hematoma, no clot; grade 
5, intraventricular hemorrhage or intracerebral hematoma with clot.

The best type of intervention (clipping or coiling) was determined 
based on the location and size of each aneurysm.

The Glasgow Outcome Scale (GOS) was used to evaluate patients 
outcome one year after hospital admission. Depending on the level of 
functional dependence, patients were dichotomized into poor (GOS 
score of 1, 2, or 3) or good outcome groups (GOS score of 4 or 5) [23].

Infection status was established according to the International 
Sepsis Forum Consensus Conference on  Definitions of Infection in 
the ICU [24]. Patients were classified as having or not this kind of 
infections: pneumonia, UTI or bloodstream infection. Bacteriological 
samples were taken at this time point, and the treatment was adjusted 
once results were obtained.

The demographic characteristics of the patients are shown in Table 1.

Marker measurement

Plasma samples were collected from patients on the day of hospital 
admission.

Concentrations of SAA, CRP, NP, and WBC were measured in 
these plasma samples collected on the day of hospital admission.  

The Meso Scale Discovery (MSD) Vascular Injury Panel-I ECL 
assay was used to determine the levels of SAA and CRP in plasma, as per 
manufacturer’s instructions (MSD, Gaithersburg, MD). Plasma samples 

were diluted 1:2000, and analyte concentrations were determined using an 
electrochemiluminescence detection system using multi-array technology 
(SECTOR Imager 2400, Meso Scale Discovery) [25].

NP levels in plasma were measured using a commercial ELISA 
kit, as per manufacturer’s instructions (Brahms Gmbh, Hennigsdorf, 
Germany). Samples were diluted 1:4.

WBC count was determined using four-color flow cytometry on a 
FACSCalibur using CellQuest Software (BD Biosciences) [26]. 

All analytes were measured in duplicates (CV < 15%). Marker 
concentrations in the two different cohorts were normalized according 
to the median concentrations in each population set [27]. 

Statistical data analysis

Statistical analyses were performed using SPSS software (version 
21, SPSS Inc., Chicago, IL). As the levels of the different analytes 
were not normally distributed, Mann-Whitney U-test was used for 
statistical comparisons between two unpaired groups. Fisher’s exact 
test and the Chi-squared test were used to assess whether the patients 
with and without infection were significantly different according to 
their gender, WFNS score, GCS, modified Fisher score, and outcome.

All statistical tests were bilateral, and a p-value  <0.05 was 
considered statistically significant. 

At hospital admission, receiver operating characteristic (ROC) 
curves were calculated for SAA, CRP, NP, and WBC as well as for the 
clinical parameters (GCS, WFNS, Fisher, and age). For each marker the 
SP value was restricted to 90-100% and the cut-off value was selected, 
in order to correctly classify 9 out of 10 patients that will not develop 
an infection. The pROC package for S+ (version 8.1., TIBCO Software 
Inc.) was used to calculate the values of areas under the partial area 
under the curve (AUC), specificity (SP), sensitivity (SE), and 95% 
confidence intervals (95% CI) [28]. 

 104 Patient set 
 Infection (N=69) No infection (N=35) P¹

Gender 0.339
Male n (%) 22 (21.2%) 9 (8.7%)  

Female n (%) 47 (45.2%) 26 (25%)  
Age (years)  0.479

Average (± SD) 52.2 (± 12.4) 50.4 (± 12.1)  
WFNS score  ≤ 0.001

1,2 n (%) 30 (28.8%) 28 (26.9%)  
3,4,5 n (%) 39 (37.5%) 7 (6.7%)  

Glasgow Coma Scale ≤ 0.001
< 9 n (%) 27 (26%) 2 (1.9%)  

9-12 n (%) 9 (8.7%) 2 (1.9%)  
≥ 13 n (%) 33 (31.7%) 31 (29.8%)  

Modified Fisher Score ≤ 0.001
0,1 n (%) 2 (1.9%) 11 (10.6%)  

2,3,4 n (%) 67 (64.4%) 24 (23.1%)  
Treatment 0.278

Surgery n (%) 8 (7.7%) 6 (5.8%)  
Embolisation n (%) 57 (54.8%) 29 (27.9%)  
No treatment n (%) - 4 (3.8%)  

GOS 1 year 0.007
Good n (%) 31  (29.8%) 23 (22.1%)  
Poor n (%) 26 (25%) 4 (3.8%)  

Table 1. Demographic characteristics of the population studied, comparing the presence or 
absence of infection during hospitalization.

http://www.charite.de/en/charite/
http://www.charite.de/en/charite/
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Panel development
Panel selection was performed using the PanelomiX tool, as 

previously described [15]. Briefly, the optimized cut-off values were 
obtained by modified iterative permutation-response calculations 
(rule-induction-like, RIL) using all the individual parameters, the 
different analytes (SAA, CRP, NP, WBC) as well as the different 
clinical parameters (GCS, WFNS, Fisher, age). The cut-off values of 
each molecule or clinical parameter were changed iteratively by 2% 
increment quantiles. After each iteration the SE value was calculated 
using an SP value set between 90%–100%. The panel size was limited to 
a maximum of four parameters

Results
The demographic characteristics of the 104 patients included in the 

study are shown in Table 1. Most of the patients suffering from aSAH 
were women, however, the development of infection was unaffected 
by either gender or age. Neurological status at hospital admission and 
the severity of the hemorrhage were important factors affecting the 
development of the infection. More than 80% of patients with a poor 
neurological status and severe hemorrhage developed an infection 
during their hospital stay. Finally, there was a significant difference in 
patient outcome at one year between those patients’ who had developed 
an infection and those who had not (Table 1).

Infection prediction according to blood biomarker 
concentrations and clinical parameters

In order to evaluate how effectively different blood biomarkers at 
hospital admission could predict which patients would later develop 
an infection, we measured the concentrations of SAA, CRP, NP, and 
WBC in the cohort.

As shown in Table 2, SAA, CRP, and WBC were significantly 
able to discriminate between patients who did and did not develop an 
infection. NP was the only biomarker unable to make this distinction 
at hospital admission. 

AUC analyses were also performed on these four biomarkers 
(SAA, CRP, NP, and WBC) as well as on different clinical parameters 
(GCS, WFNS, Fisher, and age) in order to evaluate their accuracy in 
discriminating between patients with or without infection development. 

SAA was the biomarker with the highest accuracy to differentiate 
between the groups of patients who did and did not develop an 
infection, reaching a SE value of 26.9% (95% CI, 15.9–38.1) for a SP 
value of 96.9 (95% CI, 90.6-100). The WFNS was the most effective 
clinical parameter, with SP values of 97.1 (95% CI, 91.4-100) and SE 
values of 31.9% (95% CI, 20.3-43.5) (Table 3). When the ROC analyses 
were performed on these molecules and clinical parameters to calculate 
the best combination of SP and SE, same results were found; SAA and 
WFNS were the two most accurate parameters (Supplementary table1). 

Panel selection
To try to improve the accuracy for the prediction of infection, we 

assessed the possibility of combining all the parameters into panels. 
In order to select the most promising parameters for inclusion in 
the panel, we tested all the possible combinations of biomarkers. 
The iterative permutation-response approach used identified a four-
parameter panel including SAA (cut-off: ≥ 427.4 µg/mL), WBC (cut-off: 
≥ 13.7), WFNS score (cut-off: >3) and age (cut-off: ≥ 59). An accurate 
prediction was obtained when at least two of the four parameters 
were above the cut-off threshold value. The panel exhibited an SE of 

64.3% (95% CI, 50–78.6) for an SP value of 100% (95% CI, 100–100) 
(Figure 1). This results in a significant increase in SE when compared 
to the best single biomarker (SAA) (p=0.003) and with the best clinical 
parameter (WFNS) (p=0.004), providing a significant improvement 
in the capacity to discriminate between patients who will and will not 
develop an infection. 

Discussion
This prospective study involved 104 patients from two different 

cohorts. To the best of our knowledge, it is the first to have shown 
that, for aSAH patients, a predictive test panel comprising clinical 
parameters and biomarkers measured at hospital admission can 
significantly improve the prediction of infection compared to the use 
of single clinical parameters.

The early classification of patients at a higher risk of infection can 
be essential to improve the management of aSAH patients and their 
associated outcomes [29,30]. We therefore combined aSAH clinical 
parameters with known blood diagnostic biomarkers of infection (SAA, 
CRP, NP, and WBC) in order to find the most effective combination to 
predict the infection. The combination of SAA, WBC, WFNS, and age 
showed 100% SP (95% CI, 100–100) and 64.3% SE (95% CI, 50–78.6); 
interestingly all four parameters included in this panel had already 
been described individually as markers of infection [12,29,31,32].

The WFNS score, for instance, has been previously proposed as 
the most significant risk factor and predictor of infection in aSAH 
patients [1,31,33]. In line with these results, we showed that patients 
with high WFNS scores were more susceptible to developing an 
infection than patients with good neurological status (p ≤ 0.001). This 

104-Patient set
 Infection (n = 69) No infection (n = 35) P

SAA (µg/mL) 181.03 (0-837.2) 46.42 (1.28-509.55) ≤ 0.001
CRP (µg/mL) 69.97 (0-362.95) 34.25 (0.77-217.2) 0.001

NP (nM) 10.1 (6.02-66.25)) 9.5 (4.81-21.67) 0.157
WBC (million/mm3) 13.1 (4.54-24.8) 11.62 (4.3-27.03) 0.015

Table 2. SAA, CRP, NP, and WBC median concentrations at hospital admission according 
to the presence or absence of infection.

Figure 1. ROC curve of SAA, WBC, WFNS, and age test panel for the discrimination 
between infected and non-infected patients at hospital admission. 
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Analytes
SAA (µg/mL) 2.55 (1.44-5.29) 1021.42 96.9 (90.6 - 100) 26.56 (15.63 - 37.5)
CRP (µg/mL) 1.81 (0.79-4.17) 176.78 96.9 (90.6 - 100) 19.05 (9.52 - 28.57)

NP (nM) 1.06 (0.23-2.73) 14.59 97.14 (88.6 - 100) 10.14 (4.35 - 17.39)
WBC (million/mm3) 0.76 (0-4.61) Inf 100 (100 - 100) 0

Clinical Parameters
GCS 2.95 (0.79-5.46) 6.5 97.14 (91.43 - 100) 31.88 (20.29 - 43.48)

WFNS 3.38 (1.62-5.6) 4.5 97.14 (91.43 - 100) 31.88 (21.74 - 43.48)
Fisher 2.46 (1.67-3.79) 4.5 100 (100 - 100) 14.49 (7.24 - 23.19)
Age 0.52 (0.04-2.17) 80 100 (100 - 100) 1.44 (0 - 4.35)

Table 3. Results of the ROC analysis assessing the capacity of different biomarkers and 
clinical parameters to differentiate between patients who did and did not develop an 
infection. The partial AUC, threshold, and SE correspond to SP set at 90%–100%.

could be explained by the fact that ICU patients usually requiring 
more invasive procedures (mechanical ventilation, urinary and venous 
catheterization), are more likely to develop nosocomial infections. 
More importantly, these patients with high values of WFNS present 
a long suppression of the cellular immune response and an impaired 
pro-inflammatory response that increases the susceptibility of infection 
development [34]. 

It has also been suggested that patients’ age correlates with the 
presence of pneumonia [5,17,29]. In the present cohort, all the different 
types of infection (pneumonia, UTI) were evaluated together, and it was 
not possible to determine the specific impact of pneumonia infections. 
Nevertheless, the mean age of patients’ developing a nosocomial 
infection was higher than the age of those who did not, suggesting a 
positive trend toward the development of infections. 

In addition to these two risk factors, the WBC count was also 
considered in panel generation. In aSAH patients the number of 
leukocytes have been correlated with the volume of the hemorrhage; 
being the patients with higher lesion and with higher levels of WBC, 
the patients with more complications and consequently with poorer 
outcome [32,35]. In the present study we found that, at hospital 
admission, patients who developed an infection had significantly 
higher levels of WBC than patients who did not. This reinforces the 
hypothesis that patients with poor neurological state at admission are 
susceptible to develop an infection.

The last parameter included in the panel was SAA—an acute phase 
inflammatory protein. This blood biomarker is of increasing interest due 
to its usefulness in monitoring and diagnosing a number of infections 
[36]. In neutropenic patients with acute leukemia, for example, SAA 
enabled a differentiation between infectious and non-infectious febrile 
episodes [37]. In children with a variety of viral infections, SAA 
concentrations increased during the acute phase of infection [38]. In 
a small number of aSAH patients it has also been already proposed as 
an infection marker [12]. In agreement with this, in the present study 
we have found that, at admission, SAA concentrations in patients who 
develop an infection were significantly higher than those who did not. 

CRP and NP were the other two markers proposed as interesting 
infection predictors. Nevertheless, their accuracy to distinguish 
between the two groups of patients was not promising enough to be 
included in the panel.

CRP is close to SAA in terms of chemical properties; thus, their 
concentration levels usually follow the same trend across infectious 
diseases [39-41]. Accordingly, the present study found that, at hospital 
admission, CRP concentrations in patients developing an infection 
were significantly higher than in those who did not. Nevertheless, SAA 
was more accurate thus a more promising biomarker.  

On the other hand, NP - a metabolite produced by monocytes/
macrophages [42,43] - was initially described as an prognostic 
outcome biomarker for aSAH [44]. In a previous study, we showed 
also that NP correlates with the progression of infection from three 
days after hospitalization [14]. Nevertheless, present results showed 
that this discrimination capacity was not effective at the admission to 
the hospital, making from SAA an earlier and most accurate infection 
marker than NP. 

This study showed that combining measurements of SAA, WBC, 
WFNS, and age significantly improved accuracy over the use of 
single markers or clinical parameters for the prediction of infection 
development in aSAH patients. Using the proposed test panel at least 
six out of ten patients who will develop an infection around five days 
following an aSAH event could be detected at hospital admission. The 
potential biochemical pathways occurring after a hemorrhagic event 
(leukocyte activation, coagulation systems, and complement systems, 
among others) are too variable and complex to be reflected by any one 
marker or clinical parameter. Therefore, the combination of biomarkers 
is more likely to correctly reflect this complex condition. 

The panel here described has the potential to be translated, in the 
future, into an easy to use and interpret clinical tool. However, there 
are several issues which must be addressed before this important step. 

Firstly, our results should be validated on other multicenter cohorts 
including a larger number of patients to obtain a robust confirmation 
of the data here presented. 

The panel cut-off concentrations here established should be 
applied in a prospective study in order to confirm the accuracy 
of the test. Finally, in an effort to reduce the number of episodes of 
bacterial resistance, antibiotherapy should be reassessed daily; levels 
of biomarkers below which an infection is considered to be finished 
should be determined at the different times of hospitalization. 

If all of these limitations can be properly addressed, then the 
prognostic panel presented here could be introduced into clinical 
practice as a promising tool to improve patient outcomes.   

Conclusions
This two-center study showed that the combination of SAA, 

WBC, WFNS, and age at hospital admission significantly improved 
the accuracy of single parameters for the prediction of the infection 
development in aSAH patients. These promising results could 
ameliorate the management of patients presenting with aSAH in ICUs 
and their associated outcomes. 
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