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Abstract
Purpose

In this study, we aimed to describe the clinical characteristics, laboratory findings, aetiologies, and role of
PCR in the decision on the management plan and duration of hospital stay in Jordanian children diagnosed
with aseptic meningitis.

Methods

This retrospective observational cohort study included children diagnosed with meningitis who were
admitted to the paediatric ward at Jordan University Hospital (JUH) during the period from January 2016 to
August 2020. Patients were identified through the ICD9 discharge code of meningitis. Patients diagnosed
with aseptic meningitis (defined as a patient with signs and symptoms of meningitis with a cerebrospinal

fluid (CSF) white cell count of >5 Cells/mmz, and a negative CSF Gram stain) were included, while patients
who had low CSF glucose (<50% of serum) positive cerebrospinal fluid Gram stain and/or culture for bacterial
meningitis were excluded.

Files were reviewed to collect data on the clinical picture, viruses identified by the CSF viral polymerase
chain reaction (PCR) panel, duration of medication, and hospital stay in patients with identified virus versus
those with negative viral PCR.

Results

One hundred and thirty-one patients were included: 87 males (66.4%) and 44 females (33.5%). Fever was the
most common presenting symptom, followed by headache, vomiting, and excessive sleep in 48.0%, 42.7%,
and 35.8% of the patients, respectively. Prior oral antibiotic use was reported in 48/125 (38.4%) patients.

White blood cell count (WBC) ranged from 4.800 to 22.000. cells/mL, 45 patients (34.3%) had counts above
15.000 cells/mL. C-reactive protein level was high in 61/103 (59.2%) patients. CSF WBC count was <100 in 62
(47.3%) patients while neutrophils predominance of >70% was present in 27 (20.6%) patients. Viral panel
PCR was done for 100/131 (76.3%) patients and was positive in 66/100 (66%) patients; with enterovirus being
the most common identified viruses (60/100; 60%).

The average duration of hospital stay was 5.9 and 5.5 days for those with negative and positive PCR
respectively. Ten (7.6%) patients had seizures upon presentation. None of the patients had any neurological
sequel related to his meningitis.

Conclusion

Enteroviruses are the most common identified cause of paediatric aseptic meningitis in Jordan. Although
PCR revealed an identified virus in around half of the patients, nevertheless, there was no adjustment in the
management plan regarding duration of empirical antibiotic use and hospital stay. Increasing knowledge
and awareness among clinicians on viral meningitis’ lab characteristics might have great impact on duration
of hospital stay and thus would be reflected on the patient and the healthcare system as well.
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Meningitis is a major cause of mortality and morbidity in children and can be related to a bacterial pathogen
or to aseptic meningitis; a term used to describe meningitis that is caused by aetiologies other than bacteria
[1], with viral aetiologies being the most common [2]. Although bacterial meningitis is more dangerous than
viral meningitis; however, viral meningitis may also lead to neurological sequels [3] and is more common
than bacterial meningitis, especially after the vaccine era [4]. Furthermore, while most viral meningitis
carries a benign course, hospitalisation is often prolonged because of the unclarity of the responsible
aetiology.

Aetiologies of meningitis may differ according to geographic location and endemicity of pathogens [3,5,6].
Several studies on the aetiologies and the clinical characteristics of viral meningitis in children have been
reported from different countries, with limited data available from developing/low-resource countries
including Jordan [7]. Polymerase chain reaction (PCR) testing is specific and can help differentiate viral from
bacterial meningitis and thus might help adjust the management plan [8,9]. However, in developing and
low-resource countries, the impact of the utility of routine use of viral PCR while investigating children
diagnosed with meningitis and its role in modifying the management plan was not explored before.

In this study, we aimed to describe the clinical characteristics, laboratory findings, aetiologies, and role of
PCR in the decision on the management plan and duration of hospital stay in Jordanian children diagnosed
with aseptic meningitis.

Materials And Methods

This is a retrospective observational cohort study that included children who were diagnosed to have
meningitis and were admitted to the paediatric ward at Jordan University Hospital (JUH) during the period
from January 2016 to August 2020. Patients were identified through the ICD9 discharge code of meningitis.
Patients diagnosed with aseptic meningitis (defined as a patient with signs and symptoms of meningitis with
a CSF white cell count of >5 cells/mm3, and a negative CSF Gram stain [1]) were included while patients who
had low CSF glucose (< 50% of serum) and or positive cerebrospinal fluid gram stain and or culture for
bacterial meningitis were excluded.

Files were reviewed to collect data on the age and sex of patients, presenting a clinical picture, viruses
identified based on the CSF viral polymerase chain reaction (PCR) panel, duration of medication, and
hospital stay in patients with identified virus versus those with negative viral PCR.

Statistics

Data were analysed using Microsoft Excel 2016. Continuous data were summarised as average, median
values, and categorical data as n (%).

Ethical approval
This study was approved by the Institutional Review Board (IRB) of JUH (1/2016).

Results

We identified 131 patients with aseptic meningitis, ten of whom did not fully meet the definition of aseptic

meningitis (as they had CSF WBC count < 5 cells/ mm?) but were included because they had signs and
symptoms of meningitis including fever and positive meningeal signs and were managed as meningitis; 4/10
had enterovirus as revealed by PCR. There were 87 males (66.4%) and 44 females (33.5%) with a male to
female ratio of 1.9:1.

The age of patients ranged from one month to 14 years; 23 (17.2%) were in the first year of life, 51 (38.9 %)
were between >1 and <6 years, 47 (35.0%) were between >6 and 12 years, and 10 (7.6%) were >12 years of
age.

Clinical manifestations

Fever (ranging from 38 to 40 degrees Celsius) was the most constant presenting symptom in all the patients,
followed by headache, vomiting, and excessive sleep in 48.0%, 42.7%, and 35.8% of the patients,
respectively. Table / summarises all the associated clinical manifestations.
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Clinical presentation

N of patients (%)

Fever (documented or undocumented ) 131(100%)
Headache 63 (48.0%)
Vomiting 56 (42.7% )

Excessive sleep

Poor appetite

Flue like symptoms
Photophobia

Irritability

Papilledema

Present

Ophthalmic consult not done
Nausea

Diarrhoea

Rash

Change in level of consciousness

Seizures

47 (35.8 %)
34 (25.9%)
33 (25.1%)
22 (16.7%)

14 (10.6%)

7176 (9.2%)

55/131 (41.9%)

11 (8.3%)

7 (5.3%)

7 (5.3%) two of them had chicken pox and one had oral herpetic lesions
4 (3.0%)

10 (7.6%)

Use of antibiotics prior to presentation to hospital

Yes

Data missing from file

48/125 (38.4%)

6/131 (4.5%)

TABLE 1: Clinical characteristics of the 131 patients

Flu-like symptoms were reported in 33 (25.1%) patients, oral antibiotic use prior to diagnosis of meningitis
was reported in 48/125 (38.4%) patients (data was missing from the files of 6/131 patients).

Laboratory investigations
Blood Tests

White blood cell (WBC) count ranged from 4.800 cells/mL to 22.000 cells/mL. Around half of the patients
(65; 49.6%) had WBC counts below 10.000 cells/mL while around one third (45; 34.3%) had counts above
15,000 cells/mL.

Blood sodium upon presentation: was normal in most patients, hyponatremia (sodium level ranging from
131-134 mEq/L was present in 26 (19.8%) while only one patient had hypernatremia (sodium level of 164
mEq/L). Spot sodium in the urine was missing from the files of most patients.

C-reactive protein (CRP) level of CRP ranged from normal (<5 mg/L) to 101 mg/L and was high (>5 mg/L) in
61/103; 59.2% of patients, levels above 20 mg/L were reported in around one-third of the patients (35/103;
33.9%).

Cerebrospinal Fluid (CSF)

Around half of the patients (62; 47.3%) had CSF WBC count of <100, levels >1,000 were present in two
patients (1.5%) and were mainly lymphocyte (90%).

While CSF percentage of lymphocytes ranged from 0% to 100%, neutrophil predominance of >70% was
present in 27 (20.6%) patients. All patients had normal CSF glucose levels.
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Viral panel PCR (panel included enterovirus, herpes simplex virus 1 and 2, varicella zoster, parechovirus, and
mumps virus) was done for 100/131 (76.3%) patients and was positive in 66/100 (66%) patients; enterovirus
being the most identified viruses (60/100; 60%). Table 3 shows the details of the CSF results.

CSF variable N (%) Comments
WBC count

<5 10 (7.6%)

6-100 62 (47.3%)

101-500 47 (35.8%)

501-1000 9 (6.8%)

>1000 2 (1.5%)

Missing data from file 1(0.76%)

Viral panel results

Viral panel not done 23/131 (24.4%)
Viral panel done 100/131 (76.3%)
Negative Viral panel 34/100 (34%)
Positive viral panel 66/100 (66%)
Enterovirus 60/100 (60%)
Varicella zoster 3/100 (3.0%)
Equivocal varicella zoster 1/100 (1.0%)
Equivocal mumps 2/100 (2.0%)

TABLE 2: CSF results of the 131 patients

Neuroimaging Studies

Brain CT scan was done for 22 (15.2%) patients, while brain MRI was done for 12 (9.1%); four patients had
abnormal brain MRI findings (white matter changes ongoing with acute disseminated encephalomyelitis in
two, previously known basal ganglia signal abnormality in a patient previously suspected to have
mitochondrial disorder, a previously known patient with hydrocephalous and ventriculoperitoneal shunt).
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Investigation

Serum white blood cells /mI( WBC)

<10.000
10.000-15.000
>15.000
Blood sodium
Normal

Low (130-134)

High (>145)

C reactive protein (CRP)

Done
Normal (<5)
High >5
6-20

>20

N (%)

65 (49.6%)
21(16.0%

45 (34.3%)

105 (80.1%)
26 (19.8%)

1 (0.76%)

103/131 (78.6%)
41/103 (39.8%)
61/103 (59.2%)
271103 (26.2%)

35/103 (33.9%)

TABLE 3: Lab Investigations and Neuroimaging

Treatment, complications, and outcome

All patients had received empirical antibiotic treatment for meningitis (as this is the routine in our hospital
for meningitis; third-generation cephalosporin and vancomycin), 10/131 (7.6%) received in addition
empirical antiviral treatment (acyclovir). Two patients also received methylprednisolone as neuroimaging
showed evidence of acute disseminated encephalomyelitis. The average duration of empirical antibiotic
treatment was 5.9 days for those with negative PCR result and 5.5 days for those with identified virus by
PCR.

Ten (7.6%) patients had seizures upon presentation ongoing with a probable concurrent encephalitis, three
were known to have a previous neurological disorder but they did not have a previous history of epilepsy;
one of them was discharged on antiepileptic medication due to his underlying previously known
neurological condition. None of the patients had any neurological sequel related to his meningitis.

Discussion

In this study, we have identified 131 patients diagnosed with aseptic meningitis. Aseptic meningitis is
currently the most common cause of paediatric meningitis [10-12], as vaccines have contributed significantly
to the drop in childhood bacterial meningitis in the world [4].

We noticed that males were more commonly to be affected than females. The mechanism underlying this
male predominance which was also noticed by other previously reported studies is unknown [13-15].
However, the X chromosome expression could be responsible for the immunological protection of females
due to the X-linked microRNAs-related processes and could partly explain the increased risk of infections in
males [16].

While fever was dominant, the clinical presentations and associated symptoms varied in our patients.
Headache and vomiting were present in only half of the patients, and around one-quarter of patients had
flu-like symptoms. Our findings are ongoing with previous reports in the literature as children were found to
present with non-specific febrile illness and were less likely to present with meningeal complaints than
adults [15,17] rendering the diagnosis of aseptic meningitis in children a real challenge. Furthermore, 38.4%
of patients in our study received oral antibiotics prior to presentation complicating further the diagnostic
challenge. Antibiotic use prior to lumbar puncture in children with aseptic meningitis is not an uncommon
practice and was reported in the literature in around one-third of paediatric patients [15]. This common use
of prior antibiotic therapy is probably related to the overlapping clinical picture with upper respiratory tract
infections and the common lack of typical symptoms of meningitis in children [15].
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In addition, initial blood and CSF tests including WBC and CRP were often high confirming that it is often
difficult initially to differentiate between bacterial and aseptic meningitis based on initial blood and CSF
tests [18]. Our finding that 20.6% of the patients had CSF neutrophilic predominance is ongoing with
previous studies which revealed that viral meningitis can present with neutrophilic pleocytosis in 25% of
patients [15]. Furthermore, Jaijakul et al. found that 47% of patients with enteroviral meningitis had
neutrophilic pleocytosis [19].

Aseptic meningitis can be due to infectious or non-infectious aetiologies, viruses being the most common
identified aetiologies in the literature [17]. An identified viral aetiology was present in 66% of our patients.
Although much progress has been made in diagnostic methods, nevertheless an identified viral aetiology for
aseptic meningitis can be found in only 30% to 65% of patients [20,21].

Enterovirus was the most common identified virus causing aseptic meningitis in our study ongoing with
previous studies [22]. Mixed infections are rare, thus the identification of viral pathogen by PCR should
mandate discontinuation of antibiotics and discharge of the patient [23]. Although the routine use of a viral
panel in cases with suspected meningitis may help decrease the total length of hospital stay [24],
nevertheless, in our study there was no significant difference in the average length of hospital stay between
those patients with an identified viral aetiology and those without an identified aetiology. This current
practice could be related to either a delay in obtaining the PCR result or mistrust of clinicians, especially in
patients who had a high CSF white blood cell count or neutrophilic predominance. Increasing knowledge
and awareness, shortening the time of laboratory PCR results, and expanding the viral panels may help
improve current practices.

Although fundus examination was a routine practice prior to LP, neuroimaging was only ordered based on
clinical indications, which were often related to an abnormal neurological exam or seizures. Previous studies
found that although neuroimaging is commonly used in aseptic meningitis; however, it is commonly normal
and does not alter management [25]. A recent study by Salazar et al. in 2017 documented the lack of
adherence of clinicians to the Infectious Diseases Society of America guidelines and confirms the lack of
utility of obtaining cranial imaging in the absence of specific indications [25].

All patients in our study were discharged without any neurological sequel related to aseptic meningitis. The
acute seizure was a very rare presentation in our patients, however, children with viral meningitis
presenting with acute seizures have an increased later risk to develop unprovoked seizures and epilepsy [26].
Furthermore, some studies have shown evidence that brain infections in childhood may compromise early
brain development and might increase the risk of epilepsy and other neurodevelopmental disorders later in
life thus these patients might need further future to follow up [27-30].

Conclusions

This study has several limitations being retrospective, hospital-based and involving only one tertiary referral
hospital in Amman. Nevertheless, this study revealed several important points. First, enteroviruses are the
most common identified cause of paediatric aseptic meningitis in Jordan. Secondly, although PCR revealed
an identified virus in around half of the patients, nevertheless, there was no adjustment in the management
plan regarding the duration of empirical antibiotic use and hospital stay. Increasing knowledge and
awareness among clinicians on viral meningitis’ lab characteristics might have a great impact on the
duration of hospital stay and thus would be reflected on the patient and the healthcare system as well.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Institutional Review
Board of Jordan University Hospital issued approval 1/2016. Animal subjects: All authors have confirmed
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ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All authors have
declared that no financial support was received from any organization for the submitted work. Financial
relationships: All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.
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