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Background: Infants under 3 months old with fever often receive empirical
antibiotic treatment. Enterovirus is one of the leading causes of infection and
aseptic meningitis but is not systematically screened. We aimed to evaluate
enterovirus positive RT-PCR proportion in cerebrospinal fluid (CSF) with no
pleocytosis and its impact on antibiotic treatment duration.

Methods: During the enterovirus endemic season, from 2015 to 2018, we
retrospectively studied infants under 3 months old, consulting for fever without
cause, with normal CSF analysis, and receiving empirical antibiotic treatment.
Clinical and biological data were analyzed, notably enterovirus RT-PCR results.
The primary outcome was the duration of antibiotic therapy.

Results: 92 patients were recruited. When tested, 41% of infants were positive for
enterovirus, median antibiotic duration was reduced in enterovirus positive in
comparison to negative patients with respectively 1.9 [interquartile range (IQR),
1.7-2] vs. 4.1 [IQR, 2-6], p<0.001. No clinical nor biological features differed
according to the enterovirus status.

Conclusion: In this population, enterovirus positive CSF are frequent despite the
absence of pleocytosis. However, its research was not guided by clinical or
biological presentations. Systematic and routine use of enterovirus RT-PCR
during enterovirus season, regardless of CSF cell count, could reduce the
prescription of antibiotics in febrile infants under 3 months old without clinical
orientation.
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Abbreviations

CSF, cerebrospinal fluid; CRP, C-reactive protein; EV, enterovirus; ED, emergency department; FWS, fever
without source; PCT, procalcitonin; PMN, polymorphonuclear neutrophils; RT-PCR, reverse transcriptase
polymerase chain reaction
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Introduction

Infants under 3 months old are at high risk of serious bacterial
infection. Hence protocols have been established to manage fever
in these infants, focusing on laboratory tests and antibiotic
treatment. In this population, the etiology of fever is viral up to
67% (1) and bacterial in up to 12% (2) of cases. Fever remains
often undocumented in about a third of these situations. Fever
without source (i.e.,, without immediate clinical or
microbiological orientation by rapid test as urine dipstick or
antigenic viral test, FWS) is a frequent cause of consultation in
the emergency department (ED) and a close follow-up is
recommended to limit antibiotic use for patients at low risk of
serious bacterial infection (3). Occult bacteremia only accounts
for 2% of infants under 3 months old with FWS (4).

Enterovirus infection is a common cause of fever and the most
frequent etiology of aseptic meningitis (5). The detection of
(CSF) by

transcription polymerase chain reaction (RT-PCR) has been

enterovirus from cerebrospinal fluid reverse-
recommended in the diagnosis of meningitis (6). Routine
enterovirus testing by RT-PCR in CSF of febrile infants under 3
months old could reduce the length of hospitalization (7).
However, there is no consensus on the indications for
performing enterovirus RT-PCR which may differ from one
hospital to another (8). Additionally, the absence of pleocytosis
in CSF may limit the prescription of an enterovirus RT-PCR.

The main objective of our study was to assess the proportion of
enterovirus RT-PCR positive testing in CSF with no pleocytosis and
its impact on antibiotherapy duration, in infants under 3 months old
treated by antibiotics for FWS. The secondary objective was to
determine whether clinical or biological features could characterize

patients with different enterovirus RT-PCR statuses.

Methods

We performed a retrospective study in the ED of Robert Debré
University Hospital, Paris, France, during the 4 consecutive
endemic seasons of enterovirus (April to September) between
2015 and 2018, according to Santé Publique France observation
(9). We included infants under 3 months old presenting with
FWS who had a lumbar puncture with no pleocytosis and were
initially treated with antibiotics. FWS was defined by the absence
of an immediate clinical or microbiological orientation by rapid
test as urine dipstick or antigenic viral test, no evidence of
respiratory or cutaneous infection, and the absence of bacteria on
direct examination of urine or CSF. Enterovirus was screened in
CSF using the GeneXpert enterovirus RT-PCR assay (GXEA;
Cepheid, Sunnyvale, CA).

Clinical, biological, and microbiological data were extracted
from electronic medical records, including risk factors of
neonatal bacterial infection, as defined in French guidelines (10).
Respiratory signs were defined by the presence of dyspnea,
apnea, or hypoxia. Hemodynamic signs included the need for
volume expansion, tachycardia, or

signs of peripheral
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hypoperfusion. Neurologic signs were defined as the presence of
asthenia, hypotonia, irritability, consciousness alteration, or
seizure. Gastrointestinal symptoms included vomiting, diarrhea,
and feeding difficulties. If a clinical sign was not mentioned in a
record, it was considered absent. Biological features recorded
were C-reactive protein (CRP), procalcitonin (PCT), and white
blood cell count. Pleocytosis was defined as >15 cells in the CSF
for infants under 28 days of age, and >10 for infants aged 29-90
days (11). For hemorrhagic CSFs (>1,000 red blood cells/mm?),
we applied the 1:1,000 white blood cell correction formula
detailed in Lyons et al. (12).

Statistics were performed and graphical representations were
created using R (CRAN) version 3.6.0. Categorical variables were
expressed as absolute numbers and percentages and compared
using the chi-squared test or Fisher’s exact test, while continuous
data were described as median with interquartile and compared
the Kruskal-Wallis test. The log-rank test was used to compare
the duration of antibiotic therapy, either between all three
groups, or in one-by-one comparisons. Sensitivity analysis for the
log-rank test was performed in infants under 2 months old. We
performed a linear regression with adjustment for age, log(CRP),
log(PCT), and the presence of at least one hemodynamic or
neurological sign to evaluate how enterovirus RT-PCR status
could modify antibiotic treatment duration independently to
these factors. Linear regression assumptions were assessed either
graphically or numerically. There were no influential outliers.
Two-sided p-values <0.05 were considered significant. No
correction for multiple testing was performed.

The study was approved by the ethics committee of the hospital
and has been declared to the CNIL (French data protection
authority) under the number 2208734v0.

Results

During the study period, 353 infants under 3 months old
admitted to the ED had a lumbar puncture performed, of which
221 received antibiotics, of which 136 were diagnosed as FWS. A
total of 92/136 (67%) infants had a CSF with no pleocytosis and
constituted our study population. Patients excluded for
documented infections included cases of pyelonephritis (n =56,
two of whom had enterovirus coinfections), bacteremia (n=11),
bacterial meningitis (n=7) (Figure 1). CSF cell count could not
be interpreted for 5 infants. Baseline characteristics of these 92
infants are shown in Table 1. The age of patients was similar
between the three groups: unperformed-enterovirus RT-PCR,
enterovirus-positive, and enterovirus-negative with
respectively a median of 27, 23, and 26 days (p=0.53). No

significant difference in terms of neonatal history, clinical

infants

features, blood, or CSF analysis was found between the three
groups. In particular, groups did not differ for clinical signs of
with 25%, 29% (p=0.65) of
hemodynamic signs for wunperformed, positive, and negative

sepsis respectively  36%,

infants. Median CRP was respectively 12, 17, and 10 mg/L in

each group (p=0.64) and median PCT was similar with
respectively 0.2, 0.2, and 0.3 ug/L (p =0.90). Median white blood
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Infants under 3 months old consulting in ED with fever and who had lumbar puncture : n=353

Antibiotics : n=221

A

No antibiotic : n=132

EV RT-PCR
not done or negative : n=119
positive : n=13

v

Pyelonephritis : n=56
Including 2 EV coinfections
Bacteremia : n=11

Bacterial meningitis : n=7
Others : n=4

General comorbidities : n=7
Documented infections

v

Empiric antibiotherapy : n=136

\ 4

g

Uninterpretable cell account : n=5

CSF with pleocytosis : n=39

CSF with no pleocytosis : n=92

Enterovirus RT-PCR
positive : n=26
negative : n=10

not done : n=3

s

Enterovirus RT-PCR
positive : n=20
negative : n=29

not done : n= 43

FIGURE 1

Patient flow chart. During four consecutive EV endemic periods, all febrile infants under 3 months old who had a lumbar puncture performed were
screened. We selected those who received empiric antibiotic treatment, with no apparent cause of fever, and without pleocytosis (bold square). ED,
emergency department; EV, enterovirus; RT-PCR, reverse transcriptase polymerase chain reaction.

cell counts were respectively 8.1, 8.6, and 8.8 G/L for each group,
with similar proportions of polymorphonuclear neutrophils
(PMN) and lymphocytes. An enterovirus RT-PCR was performed
in the CSF of 49/92 (53%) infants. It was positive in 20 (i.e., 41%
of tested and 22% of all infants), while negative in 29 (i.e., 59%
of tested infants).

Antibiotic treatment duration was significantly shorter for
enterovirus-positive  CSF  patients, with a median of 1.9
[interquartile range (IQR), 1.7-2], 4.1 [IQR, 2-6], and 2.2 [IQR,
1-4], days for positive, negative, and unperformed group
respectively (p <0.001) (Figure 2). In the linear regression which
evaluates the association between enterovirus RT-PCR result and
treatment duration, a positive enterovirus RT-PCR reduced the
duration of antibiotic treatment by 1.03 day (95% confidence
interval [IQR, —1.96, —0.1], p=0.03) compared to patients for
which enterovirus RT-PCR was not performed, while a negative
enterovirus RT-PCR increased it by 1.17 day (95% CI [IQR, 0.35,

2], p=0.005). Linear regression with adjustment for age, CRP,
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PCT, and the presence of hemodynamic or neurological signs
yielded similar results: a decrease in antibiotic treatment by 1.28
day (95% CI [IQR, -2.18, —0.39], p=0.005) for positive
enterovirus RT-PCR compared to patients for which enterovirus
RT-PCR was not performed, and an increase by 1.04 day (95%
CI [IQR, 0.28, 1.81], p=0.008) for negative enterovirus RT-PCR.
Hospitalization duration was significantly reduced for positive
enterovirus RT-PCR infants, in multivariate analysis (result
available upon request). Together, these data suggest an impact
of enterovirus RT-PCR results on antibiotic treatment duration,
independent of other clinical and biological features.

Discussion

Our study was carried out in a large French pediatric ED

during four consecutive enterovirus endemic seasons. It

documents the proportion and description of infants presenting
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TABLE 1 Clinical and biological features according to EV RT-PCR status in children without pleocytosis.

Total patients (n=92)

Not tested for EV (N =43)

EV RT-PCR (+) (N=20)

10.3389/fped.2023.1122460

EV RT-PCR (-) (N=29)

Age (days) 27 [IQR, 4-85] 23 [IQR, 5-64] 26 [IQR, 6-53] 0.53
Neonatal history
Preterm birth 1(2) 2 (10) 2(7) 0.39
Risk factor of bacterial infection 12 (28) 8 (40) 9 (31) 0.97
Clinical features
Fever 38°C-39°C 35 (81) 14 (70) 22 (76) 0.59
Fever >39°C 6 (14) 6 (30) 6 (21) 0.32
Respiratory signs 5(12) 2 (10) 6 (21) 0.44
Hemodynamic signs 15 (36) 5 (25) 8 (29) 0.65
Neurologic signs 21 (50) 12 (60) 21 (75) 0.11
Gastrointestinal signs 20 (47) 6 (30) 13 (45) 0.44
CSF analysis
White blood cells (/mm?) 3 [IQR, 0-11] 1 [IQR, 0-8] 2 [IQR, 0-13] -
Red blood cells >1,000/mm? 11 (26) 10 (50) 9 (31) 0.17
Proteins (g/L) 0.43 [IQR, 0.26-4.8] 0.71 [IQR, 0.22-6.76] 0.52 [IQR, 0.24-0.98] 0.13
Glucose (mmol/L) 3.2 [IQR, 2.3-5.1] 3.15 [IQR, 2.3-3.8] 3.2 [IQR, 1.7-6.7] 0.44
Blood analysis
CRP (mg/L) 12 [IQR, 0.1-131] 17 [IQR, 0.1-138] 10 [IQR, 0.1-199] 0.64
PCT (pg/L) 0.2 [IQR, 0.1-26] 0.2 [IQR, 0.1-2.1] 0.3 [IQR, 0.1-32] 0.90
White blood cells (G/L) 8.1 [IQR, 4.0-29.2] 8.6 [IQR, 4.3-14.7) 8.8 [IQR, 3.3-33.1] 0.83
PMN (G/L) 4.0 [IQR, 0.7-23.7] 5.2 [IQR, 2.2-32.5] 4.7 [IQR, 0.9-21.6] 0.20
Lymphocytes (G/L) 2.8 [IQR, 1.0-11.5] 3.1 [IQR, 1.3-6.7] 1.8 [IQR, 0.6-6.2] 0.34

Kruskal—Wallis test was used to compare continous variables, and 2 test of independence or Fisher's exact test was used for categorical variables. CRP, C-reactive protein;
EV, enterovirus; PCT, procalcitonin; PMN, polymorphonuclear neutrophils; RT-PCR, reverse transcriptase polymerase chain reaction; IQR, interquartile range. Absolute
values and percentage are provided for categorical variables. Median, minimum and maximum are provided for quantitative variables.

with fever without source associated with CSF-positive for
enterovirus in the absence of pleocytosis, and studies its impact
on antibiotic treatment duration.

We found that during the endemic period, enterovirus could be
detected in 22%-41% of infants with an apparently normal CSF.
Among patients treated empirically with antibiotics (n=136),
enterovirus RT-PCR was performed in 88 of them. There was no
significant difference between their initial clinical presentations.
The significant parameters between the two groups were the
number of elements in the CSF and the protein count, suggesting
that the presence of pleocytosis leads the clinician to request an
enterovirus RT-PCR (Results available on Appendix SI).
Additionally, proven enterovirus infection led to a decreased
antibiotic treatment duration of 1.28 day in comparison to non-
tested infants. Moreover, without pleocytosis, neither symptoms,
CSF parameters nor inflammation seemed to indicate whether an
enterovirus RT-PCR would be prescribed or predict its result.

Infants with a proven uncomplicated enterovirus infection
benefit from a shorter treatment and hospitalization period (13).
Yet our study is the first one to report the impact on enterovirus

Frontiers in Pediatrics

screening in apparently normal CSF, with a significant decrease in
antibiotic duration when detected. We consider that a 1-day-
difference in antibiotic duration is clinically significant for patients
and families, as it is also correlated with a shortening of
hospitalization duration. While enterovirus RT-PCR positivity
results in a shorter treatment duration, we noticed that when RT-
PCR is negative, the duration of antibiotic therapy is increased.
This result contradicts the recent finding of Paioni et al. in which
treatment duration is comparable when enterovirus RT-PCR is
negative or not done. But the latter did not focus on CSF without
pleocytosis (13). This paradox may reflect the cautious approach
of clinicians treating culture-negative sepsis.

Among the 136 children treated by antibiotics, 112 had a dual
therapy using aminoside and third generation cephalosporin. Seven
children had 3 antibiotics. Meningeal dose was directly prescribed
for 90 patients. Thus, we hypothesize that enterovirus RT-PCR
results could assist the clinician and promote the standardization
of practices.

Enterovirus CSF infections without meningitis have often been
reported in large cohort studies about enterovirus infections, but

frontiersin.org
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FIGURE 2
Antibiotic treatment duration according to EV RT-PCR status in children without pleocytosis. Represented as a Kaplan-Meier curve. The p-value was
calculated by the log-rank test. EV, enterovirus; RT-PCR, reverse transcriptase polymerase chain reaction.

no study focused on this situation in infants. In this work, the
absence of pleocytosis was found in 44% of enterovirus CSF
infections, a finding which is consistent with the 16%-68%
observed in the literature (14, 15). In a Japanese cohort of 263
febrile infants under 4 months old, the use of enterovirus RT-
PCR enabled the diagnosis of 60% of aseptic meningitis and 33%
of FWS (16). In addition, up to 83% of under 3 months old with
enterovirus-positive CSF presented no pleocytosis (17). Some
authors have suggested that normal CSF was related to younger
age (under 2 months old) and other independent factors such as
peripheral white blood cell count and time of lumbar puncture
(14, 15, 18, 19). This is supported by the fact that the instruction
given to parents is to consult early in case of fever of an infant
under 3 months old. At this early time point, it is possible that
the inflammatory response has not begun, while the virus is
already present and can be detected.

Notably, clinical and biological characteristics did not
significantly differ between groups, suggesting that no particular
sign can help clinicians to predict the usefulness or the result of
enterovirus RT-PCR. This finding is in line with the results of
Eichinger et al, who observed no differences in terms of
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symptoms and laboratory parameters in patients with or without
viral meningitis (20).

A positive enterovirus RT-PCR cannot completely rule out
bacterial coinfection. In excluded patients, we found two
enterovirus-positive. RT-PCR among infants with a diagnosis of
urinary tract infections. This might be expected since diagnosis
of urinary tract infection may be overreported because of the risk
of contamination during urine collection. Nigrovic et al. studied
a large population of 3,295 infants with pleocytosis and found no
bacterial coinfection in CSF associated with enterovirus detection
(21). However, clinicians must remain highly vigilant, especially
if the lumbar puncture has occurred after the administration of
antibiotics (22).

Our study has several limitations, inherent to its monocentric
and retrospective design which can limit its external validation.
This is why we have reduced the number of missing data by
focusing on a limited number of variables. However, several
reasons make us believe that our population is probably close to
the general population of infants under 3 months old admitted
to the ED. The rate of the different types of infection (bacterial,
viral...) found in our population was similar to other studies (23).
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Even when febrile infants were tested for enterovirus, 59% of
them didn’t have any proven infection in the end. In this
population, antibiotic therapy duration was significantly longer.
We believe that they could benefit from a broader and a more
systematic CSF microbiological screening. We propose that
RT-PCR and possibly CSF multiplexed PCR
(screening up to several dozen microbes) should be prescribed

enterovirus

more routinely to infants treated with antibiotics, to detect
potential unexpected viral infections, limit the duration of
treatment, thereby avoiding adverse effects, and generating
potential public health savings. This strategy showed positive
results in pediatric departments that implemented systematic CSF
screening in children with FWS (24, 25). The cost of a multiplex
PCR panel is higher than the GeneXpert (177 USD vs. 35 USD
per test) but it has the benefit of detecting several pathogens
with short delivery results.

Conclusion

Infants under 3 months old presenting with fever without a
source are often treated with empiric antibiotic treatment, while
they could be infected with enterovirus. In our cohort,
detected in 41% of tested CSF without

detection  helped to

microbiological diagnosis of febrile infants and led to a

enterovirus was
pleocytosis.  Its understand  the
significant reduction of treatment duration. Systematic and
routine use of enterovirus RT-PCR, regardless of CSF cell count,
could reduce the prescription of antibiotics in febrile infants
under 3 months old with no clinical orientation.
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