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Abstract
Introduction: Polymerase chain reaction (PCR) assays have shown to be useful and quick for the
diagnosis of enterovirus in aseptic meningitis. The aim of our study was to analyse the changes
in clinical practice after the introduction of a real-time polymerase chain reaction (RT-PCR)
®
technique using the Xpert EV (Cepheid ) assay for the qualitative detection of enterovirus RNA
in cerebrospinal fluid specimens from children with suspected viral meningitis.
Methods: A retrospective study was performed in children older than 1 year, diagnosed with
enterovirus meningitis in a third level hospital from November 2006 to February 2013. The
®
first period, before the availability of Xpert EV (Cepheid ) (Group 1, November 2006---August
2010) was compared with the later period (Group 2, September 2010---February 2013). Clinical
characteristics, the mean length of stay, and the cost per inpatient cases, were compared
between the 2 periods.
Results: Forty-one patients (60.9% male) were included, with a median age of 64 months
(interquartile range 28---96). Twenty-six patients (63.4%) were included in Group 2. There were
non-statistically significant differences in the epidemiological, disease severity, and laboratory
characteristics between both periods of study. A significant difference was observed in the mean
length of stay, with it being shorter in Group 2 (48 h vs 40.5 h, P = .039), and a significant lower
inpatient cost per case (D 779.77 vs D 656.05, P < .05).
®
Conclusion: Xpert EV (Cepheid ) assay was useful for decreasing the length of hospital stay and
the costs associated with hospitalization in children with enterovirus meningitis.
© 2016 Asociación Española de Pediatrı́a. Published by Elsevier España, S.L.U. All rights
reserved.
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Evaluación de una técnica de diagnóstico molecular Xpert EV (Cepheid ) en la
meningitis por enterovirus
Resumen
Introducción: Las técnicas de biología molecular han demostrado ser útiles en la detección del
enterovirus en niños con meningitis aséptica. El objetivo de nuestro estudio fue analizar cambios
en la práctica clínica tras la introducción de una técnica de RT-PCR a tiempo real, ensayo Xpert
®
EV (Cepheid ), para la detección de enterovirus en muestras de líquido cefalorraquídeo de niños
con sospecha de meningitis vírica.
Métodos: Estudio retrospectivo de los niños mayores de 1 año diagnosticados de meningitis
por enterovirus en un hospital de tercer nivel desde noviembre de 2006 a febrero de 2013.
®
Se comparó el periodo previo a la introducción del ensayo Xpert EV (Cepheid ) (grupo 1:
noviembre 2006-agosto de 2010) con el periodo posterior (grupo 2: septiembre 2010-febrero
2013). Se compararon las características clínicas, los tiempos de estancia media y los costes
por hospitalización.
Resultados: Se incluyeron 41 pacientes con una mediana de edad de 64 meses (rango intercuartílico, 28---96). En el grupo 2 se incluyeron 26 pacientes (63,4%). No hubo diferencias
epidemiológicas, de gravedad, ni de laboratorio estadísticamente significativas entre los
pacientes valorados en ambos grupos. Se observó una disminución significativa en la duración
de estancia media hospitalaria en el grupo 2 (48 h vs 40,5 h, p = 0,039) y una disminución
significativa en el gasto por paciente hospitalizado (779,77 D vs. 656,05 D , p < 0,05).
®
Conclusiones: La incorporación de la técnica Xpert EV (Cepheid ) permitió disminuir la estancia
y el gasto asociado a hospitalización en niños con meningitis por enterovirus.
© 2016 Asociación Española de Pediatrı́a. Publicado por Elsevier España, S.L.U. Todos los derechos reservados.

Introduction
Enteroviruses are the most frequent cause of aseptic meningitis in the paediatric age group.1 Cases of meningitis caused
by enterovirus are usually benign and only require symptomatic treatment. However, the difficulty of differentiating
them from bacterial meningitis in the initial assessment
may lead to the unnecessary use of antibiotics, hospital
admission and increases in the length of stay.2---4 Currently,
molecular diagnostic tests for the detection of enterovirus in
cerebrospinal fluid (CSF) specimens, which have a high sensitivity and specificity and offer quick results, are displacing
viral culture,5,6 which is slower and whose results depend
on the viability of the viruses contained in the clinical specimen. Some of these molecular tests are fully automated,
®
as is the case of the Xpert EV assay (Cepheid ), which uses
®
the GeneXpert Dx system.
The aim of our study was to analyse changes in clinical
practice since the introduction of this diagnostic test for
the detection of enterovirus in CSF samples in children with
suspected viral meningitis.

Methods
We conducted a retrospective descriptive study of children
aged more than 1 year and less than 15 years that were
previously healthy and received a diagnosis of meningitis by enterovirus at the Hospital Universitario de Getafe
between November 2006 and February 2013. We collected

epidemiological, clinical and laboratory data from the electronic health records of patients that tested positive for
enterovirus, as well as data on the length of stay and the
use of antibiotherapy. We calculated the modified Boyer
score based on clinical and laboratory parameters for each
patient, as previously described in the literature.8
Starting in September 2010, the diagnosis of meningitis due to enterovirus was based on a positive result of
®
the Xpert EV assay (Cepheid). This technique was available in our Department of Microbiology from that date.
Prior to that, the diagnosis was made using conventional
molecular techniques, submitting specimens to a reference laboratory and with a mean turnaround time of
7---10 days.
®
The Xpert EV assay (Cepheid) was performed according to the directions of the manufacturer, and was available
between 8:00 am and 8:00 pm everyday except Sundays, when
it could be requested between 8:00 am and 1:00 pm.
Cerebrospinal fluid samples were stored in a refrigerator at 4 ◦ C until processing, and subsequently kept
at −20 ◦ C. Paediatricians were notified immediately of
results.
®
®
The Xpert EV assay (Cepheid) uses the GeneXpert Dx
system, with integrated performance of sample processing,
viral RNA extraction, reverse transcription (RT) and nucleic
acid amplification, as well as the detection of the target
sequence by real-time polymerase chain reaction (PCR), in
a single reaction cartridge. This method simplifies microbiological diagnosis and can provide rapid and accurate results
in 2.5 h.

Evaluation of a molecular diagnostic technique for enteroviral meningitis
We compared patients in the period prior to the intro®
duction of Cepheid’s Xpert EV method, group 1 (November
2006---August 2010) to patients in the period following its
introduction, group 2 (September 2010---February 2013).
We calculated the health care costs generated by each
patient based on the mean cost of staying in the paediatrics
ward (337.55 D /day) in the two periods under study, adding
the cost of assessing for the presence of enterovirus in CSF
®
samples with the Xpert EV test (Cepheid ) for patients in
the second period (80 D /specimen).
We have expressed quantitative variables as medians and
ranges, and compared them by means of the Mann---Whitney
U test. We have expressed qualitative variables as percentages and compared them by means of Fisher’s exact test.
We defined statistical significance as a P-value of less than
.05. The statistical analysis was performed with SPSS version
20.0.

Results
We included a total of 41 patients for the period under study,
60.9% male, and their median age was 64 months (interquartile range, 28---96 months). Twenty-six patients (63.4%) were
included in the second period. Twenty-five patients (60.9%)
had received a diagnosis between April and July. The most
frequent presenting symptoms were headache (89.45%),
vomiting (88.95%) and fever (71.25%)

Table 1
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We did not find statistically significant differences in epidemiological, clinical or laboratory characteristics between
patients assessed in the first period and those assessed in
the second period, save for the latter presenting less often
with nuchal rigidity and/on meningeal signs in the initial
evaluation (Table 1). We also found no differences between
the two groups of patients when we computed the modified
Boyer score (score ≥3, 0% in period 1 vs 7.6% in period 2,
P > .05). Bacterial growth was not detected in any of the CSF
cultures.
The comparative analysis of the two groups found a statistically significant decrease in the median length of stay
of patients (48 h in group 1 vs 40.5 h in group 2; P = .039).
Only 2 patients (13.3%) in the first period and 2 patients
(7.6%) in the second period received broad-spectrum
antibiotherapy. We observed a decreasing trend in the use
of antibiotherapy in the second period, but it was not statistically significant (4.7 days vs 1 day).
We observed a significant reduction in the costs of hospitalization per patient associated with length of stay:
779.77 D (98.35---1362.85) vs 656.05 D (0---1489.93) (P < .05).

Discussion
®

In our study, the introduction of the Cepheid Xpert EV assay
was significantly associated with decreases in length of stay
and associated health care costs.

Clinical characteristics and laboratory results of children with a diagnosis of meningitis by enterovirus in each period.

Clinical characteristics
Age (months), median (IQR)
Male sex, n (%)
Fever > 38 ◦ C, n (%)
Headache, n (%)
Vomiting, n (%)
Abdominal pain, n (%)
Diarrhoea, n (%)
Nuchal rigidity, n (%)
Meningeal signs, n (%)
Post-dural puncture syndrome, n (%)
Modified Boyer score ≥ 3, n (0%)
Laboratory findings
Complete blood count and chemistry panel
Leucocytes (cells/mm3 ), median (IQR)
Hb (g/dL), median (IQR)
CRP (mg/L), median (IQR)
PCT (ng/mL), median (IQR)
CSF chemistry
Leucocytes in CSF, cells/mm3 , median (IQR)
Granulocytes in CSF, %, median (IQR)
Glucose in CSF (mg/dL), median (IQR)
Protein in CSF (mg/dL), median (IQR)

First period (control
group)
(n = 15)

Second period
(enterovirus RT-PCR
group)
(n = 26)

P

63 (28---96)
10 (66.6)
11 (73.3)
13 (86.6)
14 (93.3)
1 (6.6)
1 (6.6)
15 (100)
13 (86.6)
7 (46.6%)
0 (0%)

65 (28---96)
15 (57.7)
18 (69.2)
24 (92.3)
22 (84.6)
6 (23.1)
1 (3.8)
19 (73.1)
16 (61.5)
6 (23)
2 (7.6%)

ns
ns
ns
ns
ns
ns
ns
<.01
.03
ns
ns

12 700 (8200---20 300)
12.9 (11.6---14.1)
14.5 (0.5---53.8)
0.1 (0---0.5) (n = 6)

11 500 (5240---21 200)
12.8 (12---15)
17.5 (1---136.2)
0.2 (0---6.1) (n = 14)

ns
ns
ns
ns

95
49
63
29

63.5 (7---672)
68.5 (7---95)
58 (43---77)
35 (14---87)

ns
ns
ns
ns

(10---415)
(10---97)
(49---79)
(17---74)

CSF, cerebrospinal fluid; IQR, interquartile range; ns, not significant.
®
Enterovirus RT-PCR, real-time polymerase chain reaction (Cepheid’s Xpert EV).
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Many studies published in recent years have shown the
benefits of using PCR methods in the diagnosis of meningitis
caused by enterovirus. Although publications on the subject
started to appear in the 1990s, it was in year 2000 that 2
studies conducted in the United States directly evaluated
their use and found a reduction in length of stay, antibiotic
use and health care costs following the introduction of these
techniques.3,9
In the past few years, the increased availability and
accessibility of rapid, and in some cases automated, RTPCR techniques have facilitated their widespread use. Data
published in Europe and the United States demonstrate
their benefits in terms of reduced costs and lengths of
hospitalization.7,10---13
Two recent publications have assessed the use of such
®
RT-PCR methods (Cepheid Xpert EV) in Spain, with very
14,15
In the study by Menasalvas Ruiz et al.,14
good results.
as many as 25% of patients were discharged from the emergency department following a positive test result, and the
median length of stay was 3.5 days (4.5 days in newborns
vs 2.3 days in children aged more than 2 years). However,
this study did not assess the impact of the introduction of
the technique with a control group. The study conducted
by Carrasco Fernández et al.,15 which compared 37 children with aseptic meningitis selected prospectively after the
®
introduction of Cepheid’s Xpert EV assay with retrospective
data for 29 children with a diagnosis of aseptic meningitis,
found that the introduction of this technique was associated
with a significant reduction in antibiotic use and duration
of antibiotherapy, but did not find significant differences in
length of stay.
The analysis of health care costs that we present is an
analysis of direct costs relative to the length of hospitalization. One of the limitations of our study is that we did
not perform a detailed economic analysis and our results
are based on the costs of hospitalization averaged through
time. This type of analysis, while very simple, has been used
by other authors in the past.10,16 It may not adequately represent the actual savings associated with the use of these
methods, although it does reflect the reduction of costs
associated with hospitalization, which are probably more
relevant in cases of aseptic meningitis. Studies conducted
previously in other countries have suggested that the use
of these techniques may be associated with reductions in
length of stay and economic costs using a similar method
for cost analysis.10,15,17
Length of stay in these patients has been associated
with test turnaround times.18 One limitation in our study
was that the technique was not always available, so
that the stay of patients admitted at night or on weekends may have extended until results became available.
Another possible limitation was that although there are
no priori interpersonal differences in the way the staff
of the paediatrics department discharge patients, there
could have been variability in the applied discharge criteria, a factor that may have influenced the results we
obtained. In spite of these circumstances, we were able
to find evidence of the benefits derived from using this
technique.
Our study also has other limitations characteristic for retrospective studies. The data used to calculate the length of
stay were entered in the electronic records at the times
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of admission and discharge, so we believe that these data,
although collected retrospectively, are reliable.
®
In conclusion, the introduction of the Xpert EV assay
developed by Cepheid has allowed a significant decrease
in the length of stay and associated costs in children with
meningitis by enterovirus in Spain.
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