
Vol.:(0123456789)1 3

Infection (2019) 47:51–58 
https://doi.org/10.1007/s15010-018-1212-7

ORIGINAL PAPER

Clinical benefits of introducing real-time multiplex PCR 
for cerebrospinal fluid as routine diagnostic at a tertiary care pediatric 
center

Anna Eichinger1 · Alexandra Hagen1 · Melanie Meyer‑Bühn1 · Johannes Huebner1

Received: 7 June 2018 / Accepted: 30 August 2018 / Published online: 5 September 2018 
© Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract
Background  Sepsis-like illness with suspected meningitis or encephalitis is a common reason for using empiric antimicrobial 
therapy in infants and children. However, in cases of viral meningitis not covered by these antimicrobials, this management 
is ineffective and due to side effects potentially harmful.
Methods  A retrospective analysis of cerebrospinal fluid (CSF) multiplex PCRs (Biofire FilmArray®) in children with clini-
cal suspicion of meningitis, encephalitis or sepsis-like illness was performed over the period of 1 year. Subsequently, a 
subgroup of children (age of 8–84 days of life) diagnosed with viral meningitis (enterovirus, HHV-6, human parechovirus) 
was compared to an age-matched control group.
Results  During the study period, the multiplex PCR panel was performed on 187 individual CSF samples that met the inclu-
sion criteria. About half of the patients (92/187) were less than 1 year of age. In 27 cases (14.4%), the PCR yielded a positive 
result with the majority (12/27) being indicative of an enteroviral infection. In the age group of 8–84 days of life, 36.4% of 
the patients had a positive result. When the patients with a PCR positive for a viral agent were compared to an age-matched 
group of patients, no differences were observed regarding symptoms and laboratory parameters. However, the duration of 
antimicrobial therapy could be significantly reduced through the use of multiplex PCR.
Conclusion  The use of on-site diagnostic multiplex PCR was able to reduce the use of antimicrobials in selected cases. This 
test can guide clinical decisions earlier during the course of medical care compared to standard diagnostics.

Keywords  Antimicrobial stewardship · Point-of-care test · FilmArray · Meningitis · Encephalitis

Introduction

Lumbar puncture (LP) is a routinely performed diagnostic 
test in the pediatric clinical setting. Usually the examina-
tion is performed to test for infectious diseases (meningitis, 
meningoencephalitis, encephalitis), but also for a variety of 
other entities, e.g., autoimmune or metabolic disease. In the 
pediatric emergency room setting fever, seizures (febrile, 

non-febrile) and altered mental status are the most common 
symptoms leading to lumbar puncture.

The incidence of meningitis is higher in children below 
the age of 5 years with the highest proportion of cases 
being found in children below the age of 6 months [1, 
2]. In many hospitals or outpatient clinics, infants with 
fever, especially within the first 3 months of life—having 
a higher proportion of bacterial infection—will receive a 
thorough work-up including urine analysis, blood culture 
and lumbar puncture, if no other primary site of infec-
tion can be identified [1]. Obvious clinical signs, such as 
a bulging fontanel, nuchal rigidity and convulsions, are 
often only present in the later course of disease and are 
associated with poor outcome [3]. Often, and especially in 
small infants, empiric antibiotic and/or antiviral therapy 
is initiated without appropriate diagnostics or awaiting 
the results from the microbiology laboratory. This might 
lead to side effects of the medication, e.g., ototoxicity and 
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antibiotic-associated diarrhea [4] and often results in a 
considerable amount of stress for the patients and their 
parents. Moreover, the change in the child’s microbiome, 
especially in little children, may have longer lasting nega-
tive effects (e.g., increase in allergic diseases, obesity, 
and neurocognitive changes [5–7]). Eventually, over use 
of antibiotics has been shown to lead to an increase of 
multidrug resistant bacteria.

New strategies need to be implemented that help physi-
cians with the initial therapeutic decisions, possibly spar-
ing children from unnecessary antiinfective treatment. One 
strategy is the multiplex PCR test which—with pre-manu-
factured kits—facilitate the rapid identification of a variety 
of infectious agents. This might also lead to faster identi-
fication of highly aggressive disease-causing agents, e.g., 
HSV and Streptococcus pneumonia [8]. Here we present 
our experience after 1 year of usage of novel multiplex PCR 
in the routine clinical setting of suspected central nervous 
system (CNS) infection. The aim of the study was to assess 
changed diagnostic and therapeutic procedures and evalu-
ate the consequences of the introduction of Film Array® 
multiplex PCR. In addition, we wanted to identify the most 
effective way to use this new technique in the routine patient 
management.

Materials and methods

Study population

A retrospective analysis of the lumbar puncture multiplex 
PCR diagnostics in a single tertiary care center for pediatrics 
was performed between 27th of June 2016 and 26th of June 
2017. Children who underwent spinal tap for unclear pri-
mary site of infection or for suspected meningitis or menin-
goencephalitis were included in the analysis. The identifica-
tion of patients and the performance of the test were at the 
discretion of the responsible physician. As there were no 
strict primary symptoms defined, the testing was performed 
in presence of a variety of symptoms (fever without focus, 
febrile and non-febrile seizures, circumscribed neurological 
deficits, sepsis-like illness). Only patients below 19 years 
and only the first lumbar puncture during a course of disease 
were included in the analysis.

Additional information was obtained from the medical 
records including age, preexisting conditions, symptoms at 
presentation, laboratory results (blood, CSF), antimicrobial 
therapy, length of hospital stay and reasoning for therapeu-
tic decisions. The CSF samples were analyzed for glucose, 
protein, cell count and differentiation. Blood cultures and 
CSF cultures were performed using standard microbiologi-
cal procedures [9].

Multiplex PCR

Multiplex PCR on all samples was performed accord-
ing to the manufacturer’s protocol (BioFire; FilmArray® 
Meningitis/Encephalitis (ME) PCR Panel) [8]. The CSF 
panel was used to detect 14 pathogens: CMV, enterovirus, 
HSV 1/2, HHV-6, human parechovirus, VZV, Cryptococ-
cus neoformans/gattii, Escherichia coli K1, Haemophilus 
influenzae, Listeria monocytogenes, Neisseria meningitidis, 
Streptococcus agalactiae (GBS) and Streptococcus pneumo-
niae. The results were available approximately 75 min after 
the start of the assay in the bacterial laboratory. The trans-
port of the samples from the clinical wards to the laboratory 
usually took about 15 min. Testing was available during 
the opening hours of our on-site bacteriological laboratory 
(Monday to Friday 8 a.m. to 4 p.m. and on weekends 10 a.m. 
to 12 a.m.).

Statistical analysis

Statistical analysis was performed using Prism5 5.0a for 
Mac OS-X. Chi square test was applied to assess statisti-
cally significant differences in qualitative variables (gender, 
fever, symptoms and seasons); student’s t tests and one-way 
ANOVA were used for quantitative variables (age; labora-
tory parameters, duration of therapy). In all the analyses, 
p < 0.05 (*) was considered statistically significant. The data 
were expressed as the mean ± the standard deviation.

Results

During the 12-month study period, a total of 187 lumbar 
punctures were performed that met the inclusion criteria. 
Three children had two spinal taps on separate occasions; 2, 
3 and 5 months apart. Two of these children had preexist-
ing hemato-oncological conditions, while one child had no 
underlying preexisting disease.

Of these 187 lumbar punctures, 92 were performed in 
infants, while the remaining 95 were done in older children. 
70% of all lumbar punctures were performed in children 
up to the age of 5 years (Online Resource Fig. S1A). Most 
infants tested were at the age group up to three months, com-
prising approximately 80% of all infants (Online Resource 
Fig. S1B).

The majority of children had no preexisting condi-
tions: 77% in the infant group and 69% in the older chil-
dren (Online Resource Fig. S1C). In children above the age 
of 1 year the most common preexisting conditions were 
oncological (15%) and neurological diseases (8%), while 
in younger children premature birth (10%) and metabolic 
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diseases (4%) were predominant. In both groups one child 
had two preexisting conditions (syndromal and oncological 
disease in one and premature birth and oncological disease 
in the other patient).

However, the main reason for lumbar puncture differed 
between the two groups. While most infants had a spinal tap 
due to fever without focus (53%) or suspicion of early-onset 
sepsis (29%), older children showed a variety of symptoms: 
focal neurological deficit (e.g., 26% with facial nerve palsy), 
febrile seizure (24%), fever without focus or suspected men-
ingitis/meningoencephalitis (23%) and non-febrile seizures 
(9%) (Online Resource Fig. S1D).

Of the 187 cerebrospinal fluids tested, only 27 (14.4%) 
yielded a positive result by multiplex PCR. A virus was 
identified in the majority (88.9%) of the 27 positive PCR 
results: twelve cases of enterovirus, ten cases of HHV-6 and 
two cases of human parechovirus. We subdivided the chil-
dren into four age groups: in the oldest group (1–18 years 
of life) 6.3% had a positive PCR result; in the first week of 
life (day 0 to day 7) zero of the 30 patients had an infective 
agent identified by PCR. The highest number of positive 
PCR results was seen in patients at the age of 8–84 days 
(equivalent to 12 weeks) with 36.4% (Fig. 1a). 27.8% of 
infants in between 13th to 52th weeks of life had a positive 
result.

In the age group of 1–18 years of life, one HHV-6 posi-
tive PCR result and in the group of the infants of 13th to 
52th weeks, three HHV-6 positive PCR results were—due to 
accompanying clinical, morphological and laboratory find-
ings—considered not to be disease causing. This resulted 
in lower percentage of clinically relevant multiplex PCR 
results: 5.3% (age 1–18 years) and 11.1% (13–52 weeks). 
In the primary diagnostic work-up, three of these children 
were diagnosed with bacterial disease which were not 
detected in the CSF (culture and multiplex PCR): one infant 
had bacterial bilateral otitis media (28 weeks of age), one 
infant (49 weeks of age) had sepsis caused by Streptococ-
cus pneumoniae (blood culture positive, CSF PCR negative 

and CSF culture negative) and one child (14 months of age) 
had pyelonephritis caused by Escherichia coli. One infant 
(10 months of life) presented with a severely altered mental 
status and no accompanying exanthema or fever. The con-
secutive work-up led to the suspicion of an abusive head 
trauma, and therefore the role of the identified HHV-6 in the 
LP remains unclear.

In the remaining three multiplex PCR positive cases 
(11.1%), bacteria were identified: Streptococcus pneumo-
niae (n = 2; 11 months and 1.4 years) and Escherichia coli 
K1 (n = 1; one month) (Fig. 1b). All of these were consid-
ered disease causing and the CSF multiplex-PCR results 
were subsequently confirmed by bacterial culture results. 
Additionally, during the time period evaluated, one case of 
systemic neonatal listeria infection (CSF day 1 of life) with 
intracranial abscess was neither detected by CSF multiplex-
PCR nor by CSF culture, but only by the simultaneously per-
formed blood culture. In addition, one case of high clinical 
suspicion of GBS sepsis was neither identified by PCR nor 
by bacterial cultures from the CSF and the blood, but only 
through the bacterial swab cultures (nasal, throat, ear canal, 
perianal swab and gastric acid culture: all GBS positive). 
No fungal infection was identified during the study period.

In a next step we further looked into the group of infants 
between day 8 and 84 of life (n = 44). This group did not 
only have the highest yield of positive PCR results, they also 
were the subgroup of children in which most lumbar punc-
tures were performed. They also were the group who posed 
the biggest dilemma for the clinicians, as most of these chil-
dren presented with fever without focus in the emergency 
room. For a more detailed analysis, we compared patients 
with positive viral results in the multiplex-PCR (virus PCR 
positive group total of 15: 10 with enteroviral infection, 3 
with HHV-6 infection; 2 with parechovirus infection) with 
a subgroup of patients with similar clinical and laboratory 
results (n = 8; control group) but without detection of patho-
gens. All the following results correspond to the comparison 
of these two groups.

Fig. 1   CSF multiplex PCR 
results. a Positive (white) and 
negative (dark gray) results 
sorted by different age groups. 
b Different isolated infectious 
agents in infants (left) and 
children above the age of 1 year 
(right): enterovirus (black; n 
12), HHV-6 (dark gray; n 10), 
human parechovirus (gray; n 
2), Streptococcus pneumoniae 
(light gray; n 2), Escherichia 
coli K1 (white; n 1)
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These two groups, did not significantly differ regarding 
gender, age (median control group 47.5 years; median virus 
PCR positive group 37.0 years) or fever at presentation 
(Table 1).

Other symptoms, which were routinely mentioned in the 
medical history—floppiness (less activity than usual, suck-
ing weakness), agitation (inquietude, high-pitched scream-
ing), gastrointestinal symptoms (diarrhea, vomiting, foul-
smelling stools) and history of acute illness in the patient’s 
siblings—showed no differences between the control group 
and the virus PCR positive group (Table 1). All patients 
with enteroviral and with human parechoviral meningitis 
presented during warmer months (May–September), all 

HHV-6 patients presented during winter (December–Feb-
ruary), while the control group was scattered throughout 
the year (Chi square test of enteroviral positive patients and 
control group: p < 0.01).

Regarding laboratory values (Table 2), patients in the sub-
groups showed high-normal or only slightly elevated inflam-
matory markers (C-reactive protein up to mean of 1.2 mg/
ml, interleukin-6 up to mean of 138 pg/ml, leukocytes up to 
mean of 12 667/µl). The liver values (e.g., GOT) were nor-
mal and were only mildly elelvated in one patient with enter-
ovirus positive PCR (GOT 162 U/l). Patients with entero-
virus detected in the cerebrospinal fluid showed elevated 
cell counts (179 ± 213/µl) and protein (108.0 ± 159.4 mg/

Table 1   Subgroup analysis of 
patient features and symptoms

When indicated the mean ± standard deviation was given. The p values were calculated with Fisher’s exact 
test for the dichotomous measures. For the statistic evaluation of “days of life” a t test was performed. None 
of the compared parameters reached a statistically significant level, that is none of them was p ≤ 0.05

Control group Virus PCR positive 
group

p value

Age at primary presentation in (days) 48.0 ± 21.5 38.1 ± 20.5 0.29
Male gender in (%) 50.0% 60.0% 0.65
Fever at primary presentation in (%) 87.5% 93.3% 0.64
Agitation at primary presentation in (%) 25.0% 46.7% 0.40
Floppiness at primary presentation in (%) 87.5% 60.0% 0.35
Gastrointestinal symptoms at primary presenta-

tion in (%)
25.0% 40.0% 0.66

Sick sibling in patient’s history in (%) 12.5% 46.7% 0.18

Table 2   Laboratory values (blood, CSF) of the analyzed patients (enterovirus, HHV-6, human parechovirus and comparison group) in the age 
group 8–84 days of life

All values given as mean ± SD
The statistic evaluation was performed with t tests; p values above 0.05 were considered not significant (ns)
a Only measured in 7/8 patients
b Only measured in 14/15 patients
c Only measured in 9/10 patients
d Only measured in 12/15 patients
e Only measured in 8/10 patients
f Only measured in 2/3 patients
g Only measured in 6/8 patients
h Only measured in 13/15 patients
i Only measured in 1/2 patients

Evaluated laboratory value Norm Control group Virus PCR 
positive 
group

Enterovirus HHV-6 Human parechovirus p value

CrP in (mg/dl) ≤ 0.5 mg/dl 0.86 ± 1.03 0.89 ± 0.88 0.91 ± 0.95 1.21 ± 0.90 0.36 ± 0.33 ns
Interleukin 6/IL-6 in (pg/ml) ≤ 15 pg/ml 53.5 ± 29.2a 58.7 ± 68.6b 46.0 ± 36.0c 138 ± 172.5 36.6 ± 37.6 ns
GOT in (U/l) ≤ 77 U/l 35 ± 9a 44 ± 38d 49 ± 46e 33 ± 13f 40 ± 5 ns
Leukocytes in [/µl] age-dependent 7888 ± 3835 9070 ± 4684 9135 ± 3567 12,667 ± 6643 3350 ± 354 ns
Amount of cells (CSF) in (/µl) 36 ± 87g 118 ± 188b 179 ± 213a 5 ± 2 10 ± 4 ns
Protein amount (CSF) in (mg/dl) ≤ 50 mg/dl 55.6 ± 45.3g 85.4 ± 129.1h 108.0 ± 159.4a 42.0 ± 19.0 49.0i ns
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dl). However, this did not reach a statistical significance. 
Taken together, none of the routinely performed medical 
history and laboratory values showed a statistically signifi-
cant difference between the control group and the virus PCR 
positive group.

Most patients at the age of 8–84 days were started on an 
empiric antimicrobial therapy consisting of antibiotics and/
or aciclovir. Of the 23 patients in our subgroup, 20 were 
started on an antibiotic combination therapy consisting of 
ampicillin and cefotaxime (three times daily), one patient 
was started on ceftriaxone (once daily; enterovirus group); 
two patients received no antibiotics at all (1 with enterovi-
rus, 1 with HHV-6). 17 of the 23 patients received aciclo-
vir (three times daily); 6 in the control group and 11 in the 
virus PCR positive group. Five of the six patients that did 
not receive aciclovir had their lumbar puncture performed 
during the working hours of the in-house bacteriological 
laboratory and therefor the clinician in charge received the 
multiplex PCR result (including HSV-PCR) within about 
90 min and was able to avoid empirical treatment.

Patients of the control group, which had negative CSF 
multiplex PCR results, were treated with antibiotics for 
4.4 ± 2.3 days, while patients with a virus positive multi-
plex PCR (HHV-6, enterovirus, human parechovirus) were 
only treated for 1.3 ± 0.9 days (t test; p ≤ 0.001; Fig. 2a). In 
a separate analysis for the different viruses, the two sub-
groups with the detection of enterovirus or HHV-6 in the 
CSF received significantly less antibiotics than the control 
group.

To analyze if clinicians received the multiplex PCR 
results in a comparable amount of time in the different 
groups, we compared the duration of aciclovir treatment, as 
this was usually stopped, right after getting the HSV-PCR 
result (with the whole multiplex PCR panel). The amount 
of days patients were treated was clearly comparable (t test; 
p = 0.96), with 0.5 ± 0.5 days for patients with negative mul-
tiplex PCR results and 0.5 ± 0.5 for patients with positive 
multiplex PCR results (Fig. 2b).

The control group stayed in hospital for 5.1 ± 2.5 days and 
we saw no statistically significant difference (t test; p = 0.66) 

Fig. 2   Treatment of different 
groups (control group white; 
virus positive PCR group black; 
p*** ≤ 0.001; pns > 0.05). a 
Days of treatment with antibiot-
ics. b Days of treatment with 
aciclovir. c Days of hospital 
stay. All values were given as 
mean ± standard deviation
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to the virus PCR positive group with 4.8 ± 1.6 days (Fig. 2c). 
The infants remained in the hospital either for on-going anti-
biotic therapy (mostly in the control groups) or for intrave-
nous hydration and recurring febrile episodes.

Discussion

Here we describe our experience after the introduction of a 
multiplex PCR cerebrospinal fluid panel in the routine clini-
cal setting of a tertiary pediatric hospital. We could show 
that—even with our relatively small number of patients—
after a year we could significantly reduce the usage of anti-
biotics in infants at the age of 2–12 weeks. The most com-
monly detected infectious agents were enterovirus, human 
parechovirus and HHV-6, as expected from the literature 
[10]. As shown before [11], with routine diagnostic meas-
ures the responsible physicians could not reliably differenti-
ate between infants with a viral infection and infants with 
bacterial infections or inflammatory symptoms without a 
pathogen.

The highest number of positive PCR results was found 
in a subgroup of infants (day 8–84 of life). These patients 
typically present with fever and or change in the behavior in 
the emergency room and are often difficult to assess for the 
clinicians. Reliable biomarkers to safely identify the chil-
dren with bacterial infection are lacking [12]. Especially in 
young infants, first clinical symptoms of meningitis are not 
very specific and medical history usually does not offer a 
lot of help. In this age group we could demonstrate, that the 
amount of antibiotic usage could be significantly reduced in 
the group of patients with the detection of a viral cause of 
the disease and no signs of concomitant bacterial disease. 
The constant overuse of antibiotics has led to the rise of 
multidrug resistant bacteria and in addition, antibiotics have 
also well-known side effects in the individual patient (e.g., 
antibiotic-associated diarrhea, ototoxicity, allergic reac-
tions). Other sequelae probably triggered by the changes in 
the young microbiome are only being discovered lately [13]. 
After the repeated administration of antibiotics before the 
age of 2 years, the risk of developing early childhood obesity 
was elevated in a cohort of 1306 children [14]. Moreover, 
there seems to be an association to asthma, atopic dermatitis 
and allergic rhinitis in children [5].

The multiplex-PCR allowed us identifying infectious 
agents previously not tested on a regular basis. Before using 
the multiplex-PCR in our clinical setting, HSV-PCR was 
routinely performed for infants undergoing lumbar puncture 
and a clinical picture compatible with this disease. However, 
in our specific setting of a University Hospital with an Insti-
tute for Microbiology located in a separate building com-
plex (i.e., transport, laboratory turnaround time, reporting, 
no weekend routine laboratory working hours) for virology 

it usually took between 2 and 5 days to receive results. With 
the FilmArray® available on-site we were able to stop aci-
clovir treatment faster in comparison to the historical cohort 
(data not shown). Additional viral PCRs were only rarely 
ordered when it seemed indicated; e.g., enterovirus PCR in 
patients with high CSF cell counts and suspicion of non-
bacterial disease, HHV-6 PCR in post-bone marrow-trans-
plant patients. Therefore, the introduction of a new on-site 
technique allowed us to test a variety of pathogens at once, 
but also to significantly reduce the turnaround time. Even 
hospitals with preexisting on-site CSF PCR testing, could 
see a significant improvement of the diagnostic time man-
agement after the introduction of CSF multiplex PCR [15].

The largest number of patients was diagnosed with enter-
oviral meningitis. For enteroviral cases, as described before, 
higher cell counts were seen in the CSF [16] and cases exclu-
sively occurred in summer and early autumn [17]; however, 
this did not reach a statistical significant level in the analysis 
of cases. In patients with a marked elevation of CSF leuco-
cyte count and/or a high proportion of mononuclear cells, 
a specific enterovirus PCR may be sufficient to reach the 
same result as the multiplex PCR. However, usually clini-
cians did not decide to discontinue antibiotics based upon 
the slightly elevated CSF cell counts and the presentation 
of cases within the summer months in our cohort, but only 
stopped antibiotics when the results of the multiplex PCR 
were back. A positive PCR result for enterovirus, HHV-6 or 
parechovirus—together with supporting clinical signs and 
laboratory results—was considered sufficient to withhold 
antibiotics and aciclovir leading to the above-mentioned 
reduction in antimicrobial therapy. Since enterovirus menin-
gitis is by itself a rather serious disease, overall hospital stay 
and its associated costs were not reduced since these infants 
required supervision, intravenous infusion, and monitoring. 
As some enteroviral infections are associated with severe 
acute complication, e.g., brain stem encephalitis, and neuro-
logical sequelae [18], a special follow-up for these patients 
might be beneficial. In a selected subgroup of patient therapy 
with immunoglobulins might be warranted [19].

Because we detected parechovirus in only two patients, 
no association with clinical or laboratory signs could be 
detected due to the small numbers. In human parechovirus 
infections seizures seem to be quite common [20] and white 
matter lesions leading to long-lasting damage can develop 
[21]. A specific antiviral therapy is not available and there-
fore antibiotics and aciclovir can be discontinued once this 
pathogen is detected. In severe cases, i.v. immunoglobulin 
has been used with success [22].

While we have found HHV-6 in ten patients, the clini-
cal significance of these results is somewhat unclear [23]. 
HHV-6 is a common infectious agent in childhood and leads 
to a variety of symptoms, mostly leading to fever and exan-
thema subitum, with encephalitis and meningitis being less 
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likely [24]. HHV-6 has also been demonstrated to be chro-
mosomally integrated and inherited [25]. The significance 
of identification of HHV-6 in healthy children is unclear, 
as it seems to be able to persist in CSF without leading to 
any symptoms [26]. In our patient group, as also seen in 
previously published data [27], HHV-6 has been detected 
in the CSF, while there was another infection identified—in 
our case three concurrent bacterial infections. None of these 
cases was detected in our analyzed subgroup of day 8–84 
of life. Still the patients with sepsis-like illness have to be 
thoroughly worked-up and diagnostics and clinical reevalua-
tions in the patients have to be continued, even if a pathogen 
has been identified, in order not to miss coinciding bacterial 
infection or false-negative cases. Especially in HSV infec-
tions, detectability of the virus in the CSF may be delayed. 
Therefor, if there is suspicion of HSV infection, aciclovir 
therapy should be started immediately and continued until 
it has been definitively excluded (e.g., by repeating lumbar 
puncture).

In comparison to other centers [8], using the same mul-
tiplex-PCR panel, we did not find any group B Streptococ-
cus and only one case of Escherichia coli infection. This is 
probably also due to the fact that in our neonatal unit, we 
have in general a low rate of invasive infections. Moreo-
ver, some neonates did not get lumbar punctures performed 
before starting antibiotic therapy due to their unstable condi-
tion. One patient was clinically diagnosed with GBS sepsis, 
but we were not able to identify GBS by CSF PCR or CSF 
culture or by blood culture. In addition, during the studied 
period, we identified a child with invasive CNS listeriosis, 
although, microbiological testing was not positive in CNS 
culture or CNS multiplex-PCR. However, in this patient a 
blood culture was positive for listeria and there was subse-
quent abscess formation seen in the brain. In studies compar-
ing culture with multiplex-PCR, the specificity was usually 
high (up to 100%), but sensitivity was as low as 50% [28]. 
This was mostly a problem in patients with a low load of 
the infectious agent. As the multiplex PCR test covers sev-
eral different pathogens, the range of sensitivity must be 
taken into account by the clinicians, before making clinical 
decisions.

Although this is a rather expensive test, in this initial 
phase the indication for the usage of this new diagnostic tool 
was at the discretion of the clinicians and did not need to be 
approved by the Division of Pediatric Infectious Diseases. 
This approach probably also is connected to the relatively 
low amount of positive testing results. This was also seen 
in Naccache et al. where in 265 samples 87% of the CSF 
multiplex panels yielded a negative result [29].

One of the common causes that led to a cerebrospinal 
fluid examination in older children was an isolated facial 
palsy. Not surprisingly, none of these patients had a positive 
result in the multiplex-PCR (which does not include Borrelia 

burgdorferi). To optimize costs and expected results, a more 
targeted approach may be advisable. Therefore, it seems 
warranted to restrict the more liberal usage of the multiplex 
PCR—that is without prior consultation of the pediatric 
infection team—to patients 1–12 weeks of age, presenting 
with fever to the emergency room. While the multiplex PCR 
results cover a wide range of possible CNS pathogens and 
the results are available very fast, the major disadvantage is 
the relatively high cost of the test (around 200–250 €/test 
run). Different strategies using specific PCR tests for single 
pathogens may be more cost-effective, but more difficult to 
implement.

There are several limitations to our study. Data were 
collected retrospectively from the medical records of the 
patients which may result in loss of information and a certain 
bias in the interpretation of results. Only a single center was 
involved and only a relatively low number of patients could 
be analyzed. In addition, before introduction of multiplex 
PCR, we did not have any PCR diagnostic on-site, but had 
to send samples to a laboratory off-site, resulting often in a 
long delay.

Taken together, our study shows that a point-of care rapid 
CSF diagnostic test can help guide the clinicians and reduce 
antibiotic treatment in children with suspected meningitis or 
encephalitis. Critical evaluation of the patient, its course of 
disease and all other accompanying symptoms can use the 
CSF panel in a sensible and cost-effective way. However, 
with this caveat, the multiplex CSF panel is able to offer a 
way towards faster diagnosis and therefore faster treatment 
(or discontinuation) of patients with infectious CNS disease 
[30].

There is disagreement on how new and expensive point-
of-care tests should be used in children [31, 32]. While the 
availability of a rapid test may help clinicians with treatment 
decisions, the cost of these tests and the interpretation of 
results require a structured approach. Based on our results 
we suggest performing multiplex-PCR only on CSF from 
young infants with suspected sepsis, meningitis or enceph-
alitis and in older children with suspected meningitis or 
encephalitis.
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