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Clinical Characteristics and Epidemiology of Enteroviral Meningitis
Compared to Non-Enteroviral Meningitis in Infants under 3 Months of Age
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Objectives: To compare the epidemiology, clinical presentation, laboratory findings,
seasonality and hospital course of enteroviral meningitis (EM) and non-enteroviral
meningitis (NEM) cases in infants under 3 months of age.

Methods: A retrospective chart review was performed of infants under 3 months of age
or less with viral meningitis admitted to Ewha Womans University Mokdong Hospital
between January 2010 and December 2016.

Results: EM patients were more likely to have siblings compared with NEM. Most
of EM was diagnosed during the summer season. Almost 80% of EM was diagnosed
between July and September. Fever lasted longer in EM patients compared to NEM.
White blood cell count (WBC) from the cerebrospinal fluid was higher in EM patients
compared with NEM patients. WBC in blood were lower in EM patients compared with
NEM patients. C-reactive protein was lower in EM patients compared with NEM pa-
tients. Most of the patients were initially started on antibiotics therapy to rule out bacte-
rial meningitis. EM patients received shorter duration of antibiotic treatment compared
with NEM patients.

Conclusion: This study was conducted to augment the understanding of the inci-
dence, epidemiology, transmission in infants, clinical presentation, laboratory findings,
seasonality and hospital courses of enteroviral meningitis compared to NEM. Early
recognition, rapid diagnosis and proper clinical management can reduce duration of
antibiotic treatment. (Ewha Med J 2017;40(3):122-127)
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Introduction

Enterovirus is the predominant pathogen in children with
aseptic meningitis [1]. In 80% to 90% of cases of viral menin-
gitis are caused by nonpolio enteroviruses [1]. Nonpolio entero-
virus infections are common in the preterm infants and new-—
borns [2]. Enterovirus infections manifests with fever, lethargy,
irritability and poor feeding with/without skin rash [2]. Most of
the enteroviral meningitis (EM) is considered as asymptomatic

or self-limiting disease with a good prognosis [3] and require

only supportive management in older children [4]. Nonethe-
less, neonatal enterovirus infections manifest from asymptomatic
to fatal [5]. These infections can cause sepsis, pneumonia,
myocarditis, and multi-organ failure [2]. Severe forms include
meningoencephalitis and hepatic necrosis with coagulopathy [5].
In approximately 10% of complicated cases have been reported
including complex seizures, increased intracranial pressure, and
coma [3]. In several studies of neonatal enterovirus infections,
fatality rates were reported from 0% to 42% [5].

This study was conducted to augment understanding of the
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incidence, epidemiology, transmission in infants, clinical pre—
sentation, laboratory findings, seasonality and hospital course of
EM and non-enteroviral meningitis (NEM) in infants less than
three months of age. Improved knowledge would be important
for the optimal management of EM in this high—risk group.

Current literature describes that enterovirus infections follow—
ing vertical transmission in neonates in the first days of life can
cause high mortality and morbidity [6]. Infections after the first
week of life have a more benign course and very low mortality
rates [6]. Early recognition of potentially fatal enterovirus infec—
tion, and aggressive management at an early stage of diagnosis
reduce mortality rates [5]. Also, rapid diagnosis and proper
clinical management can reduce the cost of healthcare.

Methods

1. Datasets

A retrospective chart review was performed of infants under
3 months of age or less with viral meningitis admitted to Ewha
Womans University Mokdong Hospital between January 2010
and December 2016.

2. Study definitions

EM was defined as having a positive result for enteroviral re-
verse transcription—polymerase chain reaction (RT-PCR) in ce—
rebrospinal fluid (CSF) samples. NEM was defined as the group
of the patients with non—enteroviral meningitis; pleocytosis in
CSF under 3 months of age or less, without a specific virus nor
bacteria identified.

In this study, pleocytosis was defined for neonates as a white
cell count of Y30 cells/mm? in CSF, for infants aged 1 to 2
months as a white cell count of )15 cells/mm® in CSF, and for
infants aged 2 to 3 months as a white cell count of >5 cells/
mm” in CSF.

Enterovirus screening was performed in the microbiology
laboratory at Ewha Womans University Mokdong Hospital using
commercial molecular diagnostic methods (Xpert EV; Cepheid,
San Diego, CA, USA). The Cepheid Xpert EV assay is a RT-
PCR technique [7]. The Cepheid Xpert EV assay carry out the
assay of qualitative detection of enterovirus ribonucleic acid in
cerebrospinal fluid specimens [7].
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3. Statistical analysis

A descriptive analysis was performed. Expressing qualitative
variables as proportions and quantitative variables as mean and
standard deviation or median and interquartile range when ap—
propriate. IBM SPSS ver. 19.0 (IBM Corp., Armonk, NY, USA)
was used for data analysis. Statistical comparisons between
the two groups were performed using the Fisher exact test and
Pearson chi—square. In addition, nonparametric Mann—Whitney
U test was used to compare the two groups with respect to
clinical symptoms. A difference with P-value <0.05 was con—
sidered to be significant.

Results

1. Incidence and epidemiology

In this study, 249 infants were included. One hundred sixty—
eight were positive for enterovirus (67.4%) and 81 were nega—
tive for enterovirus (32.5%). Mean age of EM patients was
42.46+28.43 days and that of NEM was 49.95+31.55 days
(P=0.061). The male to female ratio for EM patients was
1.79:1, and the ratio for NEM patients was 1.07:1. The dis—
tribution of sex showed marginal differences (P=0.065). The
mean birth weight was 3,209.64+547.43 g in EM patients,
and 3,235.2+551.10 g in NEM patients (P=0.545). The mean
gestational age was 38.67+1.86 weeks in EM patients, and
38.73+1.79 weeks in NEM patients (P=0.877). Out of 168
EM patients, 135 had siblings. Out of 8] NEM patients, 35 had
siblings. EM patients were more likely to have siblings (80.4%)
compared with NEM (43.2%: P< 0.001). Before the patients
was admitted to the hospital, 26 EM patients used the postnatal
care center (15.5%) and 6 NEM patients used the postnatal care
center (7.4%; P=0.075) (Table 1).

2. Influence of seasonal variation

EM was diagnosed with a preponderance during the sum-
mer season. One hundred thirty—one infants (77.9%) were
diagnosed with EM between July and September. Thirty—two
patients (39.5%) of NEM was detected between July and Sep-
tember (Fig. 1).

3. Clinical features

Not all cases presented with fever. Out of 168 EM patients,
163 had fever (97.0%). Only 5 EM infants were afebrile. Out
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Table 1. Epidemiology and clinical manifestations of enteroviral meningitis compared to non-enteroviral meningitis

Clinical feature Enteroviral meningitis Non-enteroviral meningitis P-value
Male sex 87 (51.8) 52 (64.2) 0.065
Age (day) 42.46+28.43 49.95+31.55 0.061
Gestational age (wk) 38.67+1.86 38.73+1.79 0.877
Birth weight (kg) 3.20+0.54 3.23+0.55 0.545
Postnatal care center 26 (15.5) 6(7.4) 0.075
Having siblings 135 (80.4) 35(43.2) <0.001
Temperature>37.9°C 163 (97.0) 69 (85.2) 0.001
Highest temperature (°C) 38.61+0.45 38.54+0.58 0.099
Fever duration (hr) 49.99+35.05 37.43+45.61 <0.001
Cough 28 (16.7) 21 (25 9) 0.085
Coryza 9(17.3) 9 (23.5) 0.246
Vomiting 0(11.9) 10 (12.3) 0.920
Diarrhea 2(19.0) 11 (13.6) 0.285
Poor oral intake 8(16.7) 9 (11.1) 0.248
Lethargy 4(2.4) 4 (4.9) 0.280
[rritability 28 (16.7) 8(9.9) 0.153
Jaundice 2(7.1) 1(1.2) 0.066
Skin rash 0(17.9) 7 (8.6) 0.055
Oral ulcer 2(7.1) 8(9.9) 0.457
Convulsion 2(1.2) 0 1,000

Values are presented as number (%) or mean+standard deviation.
Statistical significance level, P<0.05.
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Fig. 1. The distribution by month of the enterovirus meningitis (EM)
and non-enteroviral meningitis (NEM). EM incidences are shown in
Fig. 1. The black bar is for EM patients, and the white bar is for NEM
patients. EM has a summer seasonality compare with NEM.
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of 81 NEM patients, 69 had fever (85.2%; P<0.001). Highest
temperature of EM patients was 38.61°C£0.45°C and that of
NEM patients was 38.54°C+0.58°C (P=0.099). Fever lasted
for a mean of 49.99+35.05 hours in EM patients, and lasted a
mean of 37.43+45.61 hours in NEM patients (P<0.001) (Table
D.

4. Laboratory data

Among the EM patients, 74 EM patients (44.0%) had CSF
pleocytosis and 94 EM patients (55.9%) did not have CSF
pleocytosis. WBC from the CSF sample was 151.52 +586.93
cells/ul (range, 07,200 cells/ul) in EM patients, and 109.53
+392.93 cells/uL (range, 52,996 cells/ul) in NEM patients
(P=0.004). WBC in blood were 10.84+4.12x10°/L in EM
patients, and 15.15+6.49x10°/L in NEM patients (P<0.001)
(Table 2).

Serum aspartate aminotransferase was 54.78+59.84 [U/L in EM
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Table 2. Laboratory findings, treatment of enteroviral meningitis compared to non-enteroviral meningitis

Clinical feature Enteroviral meningitis Non-enteroviral meningitis P-value
CSF white blood cell (/mm?) 151.52+586.93 109.53+392.93 0.004
CSF neutrophil (%) 16.19+26.96 16.18+27.10 0.717
CSF lymphocyte (%) 13.67+22.00 25.70+31.28 0.002
CSF monocyte (%) 16.19+25.53 25.71+26.75 0.001
CSF proteins (mg/dL) 68.50+53.57 85.93+80.45 0.114
CSF glucose (mg/dL) 51.58+8.94 51.53+11.67 0.488
Blood white blood cell (/mm?) 10,847.86+4,127.13 15,155.06+6,491.64 <0.001
Blood neutrophil (%) 42.64+20.07 41.36+19.25 0.635
Blood lymphocyte (%) 4496+19.42 44.25+18.05 0.784
Blood monocyte (%) 9.76+4.21 11.93+5.29 0.002
Serum aspartate aminotransferase (IU/L) 54.78+59.84 61.53+98.77 0917
Serum alanine transaminase (IU/L) 34.44+56.16 46.15+130.99 0.819
Serum C-reactive protein (mg/L) 0.67+1.20 1.38+2.21 0.027
Antibiotic treatment (day) 5.03+4.22 5.84+3.87 0.034
Hospital stays (day) 7.06+8.79 6.78+4.01 0.536

Values are presented as mean+standard deviation.
CSF, cerebrospinal fluid.
Statistical significance level, P<0.05.

patients, and 61.53+98.77 IU/L in NEM patients (P=0.917).
Serum alanine transaminase was 34.44 +56.16 1U/L in EM
patients, and 49.15+130.99 IU/L in NEM patients (P=0.819).
C-reactive protein was 0.67%1.20 in EM patients, and 1.38 %
2.21 in NEM patients (P=0.027) (Table 2).

Four of EM patients had positive result from blood culture.
Methicillin susceptible .Staphylococcus epidermidis, methicillin
resistant coagulase negative .S. epidermidis, Clindamycin resis—
tant S. epidermidis, and methicillin susceptible .S. parasanguinis
were cultured from the peripheral blood. None of NEM had
positive result from blood culture.

5. Treatment

None of the infants were on antibiotics prior to admission.
Most of the patients was started on antibiotics therapy after
laboratory evaluations; blood culture and CSF culture. Most of
patients received antibiotics until the bacterial etiology could be
ruled out. Only 8 EM patients were not given antibiotics. When
enterovirus was found in the CSF, pediatricians discontinued the
antibiotics. EM patients received antibiotic treatment about 5.03
+4.22 days, and NEM patients received antibiotic treatment
about 5.84+3.87 days (P=0.034).

6. Hospitalizations and neurological sequelae

The duration of hospital stay was 7.06+8.79 days for EM
and 6.78+4.01 days for NEM (P=0.245). None of EM or
NEM patients were admitted to the neonatal intensive care unit.
None of them needed mechanical ventilator support. None of
them was diagnosed with enteroviral meningoencephalitis. Two
of EM had seizures and one of them was prescribed oral phe—
nobarbital. All EM and NEM patients were free of multisystem
diseases. All EM and NEM patients were free of neurologic se—

quelae upon follow—up.

Discussion

We present a retrospective single center study at Ewha Wom-—
ans University Mokdong Hospital of infants up to 3 months of
age with EM or NEM. This may be a single center study but we
were able to review all respective inpatient cases at Ewha Wom—
ans University Mokdong Hospital for the duration of 7 years.

EM was diagnosed with a preponderance during the summer
season. Nonpolio enteroviruses are important pathogens in the
neonatal period and account for a significant portion of febrile
illness requiring hospitalization in infancy, particularly during
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the summer months [8]. In the Canadian study of children, 802
cases of aseptic meningitis were collected over a 2-year period
[1]. In that study, most of the proven EM and clinically aseptic
meningitis occurred from July to October with sporadic cases
in other months [1]. In this study, 131 EM patients were diag-
nosed with a preponderance during the summer season. 77.9%
of the EM was diagnosed between July and September (Fig. 1).
Predominantly the summer season, it is important to distinguish
from enteroviral infections to non-enteroviral infections [9].
Early recognition, rapid diagnosis and proper clinical manage—
ment can reduce mortality rates and decreased the duration of
antibiotic treatment.

Enteroviruses are present in feces, urine, and respiratory se-
cretions of infected individuals [6]. The transmission of entero—
virus after birth appears to be via fecal to oral or respiratory
routes [10]. When infection occurs within the 7 days of birth,
it seems to be the result of vertical transmission [6]. The most
common route of transmission of enterovirus is from mother to
infant [11]. The nursery outbreaks also have been reported nu—
merously [11]. The transmission of enterovirus after birth from
siblings or father is relatively common [12].

In this study, 26 EM patients stayed at the postnatal care
center and 6 NEM patients stayed at the postnatal care center
before admission (P=0.075). In the postnatal care center, there
are many neonates of similar ages. In the neonatal unit or post—
natal care center, transmission of the virus from parents, older
sibling, or infected staffs to other newborns is possible. Trans—
mitting the virus is also possible from neonate to neonate in the
neonatal unit or postnatal care center. Applying strict infection
control can prevent the outbreak [6]. Early recognition and rap—
id diagnosis are very important to prevent the outbreak. Pres—
ence of a sibling, absence of CSF pleocytosis and elevated liver
enzymes should prompt the clinician to recognize this common
viral infection in a timely matter and test for enterovirus while
monitoring for multisystem involvement.

Syriopoulou et al. [6] reported that enterovirus RT-PCR is an
important means for early diagnosis of enterovirus infection [6].
Its sensitivity range is from 77% to 100% and its specificity
range is from 83% to 97% [6]. Enterovirus RT-PCR is more
sensitive than viral cultures [6]. Osterback et al. [13] reported
that the patients with a positive result for enterovirus RT-
PCR in CSF also had a positive result in the pharyngeal swab
samples and fecal samples. Enteroviruses are secreted for a long
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period in feces and in pharyngeal samples [13]. Therefore the
detection of enterovirus in feces or pharyngeal samples does not
mean that it is the cause of meningitis [13]. A positive result for
enterovirus RT-PCR in serum sample would be more causative,
but only in a half of the meningitis cases had positive result for
enterovirus RT-PCR in serum [13]. Thus, positive result for en—
terovirus RT-PCR in CSF sample cannot be replaced by others.
In conclusion, enterovirus RT-PCR is an important means for
early diagnosis of enterovirus infection [6].

Enterovirus PCR test from CSF sample is recommended to
prevent unnecessary antibiotic use and prolonged hospitalization.
In this study, most of the patients initially was started antibiotics
therapy. Most of patients received antibiotics until the bacterial
etiology could be ruled out. Only 8 EM patients were not given
antibiotics in this study with prompt reporting of the RT-PCR
results. When enterovirus was found in infants CSF, pediatri—
cians discontinued the antibiotics. EM patients received shorter
duration of antibiotic treatment than NEM patients (P=0.034).
Certain antibiotics carry risks and could increase the antibiotic—
associated diarrhea [3]. Early laboratory confirmation of entero—
viral infection could change management, reducing the period
of unnecessary exposure to empirical antimicrobials uses, and
permitting earlier discharge [14]. Positive result from enteroviral
RT-PCR test allows to discontinue the antibiotics and shortens
the length of hospital admission [4]. Above all, early recogni-
tion reduce mortality rates [5]. Early recognition via prompt
enteroviral PCR testing of enterovirus enables the healthcare
team members to prevent control spread of infection and to pre—
vent the outbreaks. Hence is important [3].

This study has several limitations. There was no analysis about
CSF pleocytosis along with age. There was no analysis about
annual trend in comparison with the national epidemiologi—
cal data. When we define the meaning of NEM, there was no
consideration that partially treated bacterial meningitis, tuber—
culous meningitis, fungal meningitis or drug induced meningeal
inflammation. Larger studies would help define the long—term
prognosis for this two groups.
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