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Abstract
Background
This study aims to evaluate the clinical features, laboratory findings, and outcomes of children and adults
diagnosed with meningitis in Jordan.

Methodology
This is a retrospective chart review study that targeted patients diagnosed with meningitis at King Abdullah
University Hospital, a tertiary care center in Northern Jordan, from March 21, 2015, to March 31, 2019.
Patients were included in this study if they were older than 28 days and had no risk factors for meningitis.

Results
A total of 169 patients met the inclusion criteria. Males were overrepresented (67%) and were significantly
younger than females (6 vs. 17 years, p = 0.01). Positive meningeal signs were not predictive of greater
cerebrospinal fluid leukocytosis (p = 0.348), and they did not provide sufficient sensitivity to be used as
screening tools. The most common etiology was aseptic (49%), followed by enterovirus (43%), while bacterial
meningitis was an uncommon diagnosis (3.5%). Nearly half of the patients took antibiotics prior to their
hospital presentation. During in-hospital admission, six patients died, four of whom had bacterial and two
had aseptic meningitis. Enteroviral meningitis showed neutrophil predominance in 44% of cases on lumbar
puncture and had a higher neutrophil proportion compared to aseptic meningitis (p = 0.026). Streptococcus
pneumoniae was the most common bacterial etiology identified.

Conclusions
Meningitis in Jordan is most commonly of aseptic and enteroviral origin, and these etiologies carry
significantly more favorable outcomes compared to bacterial meningitis. Enteroviral meningitis displays a
higher percentage of neutrophils in cerebrospinal fluid compared to aseptic meningitis. S. pneumoniae  is the
leading cause of bacterial meningitis. Slight neutrophil predominance above half is a weak predictor of
bacterial meningitis due to the small contribution of bacteria as a cause among enteroviruses and aseptic
etiologies.
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Introduction
Meningitis is defined as an inflammatory disease that involves the leptomeninges and cerebrospinal
fluid (CSF) within the subarachnoid space and can affect people of different ages [1]. Most commonly, the
underlying etiology is infectious. Although less often, meningitis may be caused by a non-infectious
etiology, such as systemic diseases, drug-related adverse events, and neoplasia [2].

Meningitis is most commonly caused by viruses, with the most popular being enterovirus [3]. As for bacterial
etiologies, the literature has demonstrated significant changes during the past years in the overall incidence
and etiologies of bacterial meningitis, which was mainly driven by the remarkable vaccination efforts
worldwide [4,5]. Due to the grand success of widespread vaccination against Haemophilus influenzae type b
(Hib), there has been a decrease in its incidence, which has cleared the path for other, less commonly
vaccinated-against bacteria, such as Streptococcus pneumoniae, Neisseria meningitidis, and others to take the
lead [4,5].

Advancements in biomedical technology and the introduction of prophylactic conjugated vaccines against

1 1 1 1 1

1 2

 
Open Access Original
Article  DOI: 10.7759/cureus.29864

How to cite this article
Abuhayyeh H A, Al Droubi B M, Al-Nusair J M, et al. (October 03, 2022) A Little Neutrophil Predominance May Not Be a Harbinger of Death: Clinical
and Laboratory Characteristics of Meningitis in Jordan. Cureus 14(10): e29864. DOI 10.7759/cureus.29864

https://www.cureus.com/users/408154-husam-aldean-abuhayyeh
https://www.cureus.com/users/408138-belal-m-al-droubi
https://www.cureus.com/users/408157-jowan-al-nusair-
https://www.cureus.com/users/408158-bashar-malkawi
https://www.cureus.com/users/408159-lana-haddad
https://www.cureus.com/users/408160-nour-abed-alfattah-
https://www.cureus.com/users/408161-jamaledin-abu-ghaida


these leading etiologies have resulted in a significant favorable shift in the epidemiologic profile where
these vaccines were implemented [5,6]. Unfortunately, however, lower- and middle-income countries with
lagging vaccination programs are dealing with the burden of high bacterial meningitis incidence and
mortality rates [6,7].

Research on the clinical presentation and various etiologies of meningitis in Jordan is scarce. Moreover,
knowledge of these aspects can aid clinicians in the diagnosis and management of this disease, in addition
to guiding future public health decisions through a better understanding of the local epidemiology in Jordan.
In this study, we aim to describe the epidemiology of this disease in Jordan, highlight the clinical features
and assess the reliability of various signs and symptoms of meningitis, investigate the relative contribution
of meningitis-causing microorganisms, and compare their CSF findings.

Materials And Methods
Study design
This retrospective study involved data collection from King Abdullah University Hospital (KAUH), a tertiary
care hospital in northern Jordan. The data was extracted from KAUH’s electronic healthcare records system.
This included all visits to the study center labeled as meningitis from March 21, 2015, to March 31, 2019.

Ethical approval
This study was approved by the Institutional Review Board ethical committee (IRB #51/117/2018) at Jordan
University of Science and Technology.

Patients and inclusion criteria
We included patients older than 28 days with a clinical picture suggestive of meningitis (headache, fever,
vomiting, seizures, confusion or drowsiness, meningeal signs, photophobia, or phonophobia). We included
patients without any central nervous system (CNS)-related anatomical risk factors or immunodeficiency
status. The included patients underwent a lumbar puncture that showed a CSF leukocyte count ≥8 cells/μL.

During the initial screening process, 192 patients were evaluated. Subsequently, using our criteria, a total of
23 patients were excluded. Details are shown in Figure 1. The patients excluded for having CNS-related
anatomical risk factors and immunological comorbidities (n = 19) had the following conditions: recent head
trauma, fracture or head and neck surgery within the past year (n = 7), presence of ventriculoperitoneal
shunt (n = 1), immunodeficiency (n = 8), and craniospinal malformations (n = 3).

FIGURE 1: The inclusion and exclusion process of the studied sample.

Defining the variables of interest
Bacterial meningitis was defined by the presence of suggestive symptoms and a positive CSF or blood culture
of a known meningitis-causing organism. Viral meningitis was defined by the same and a positive CSF
polymerase chain reaction (PCR). Aseptic meningitis was used to label cases of unknown etiology, where
neither bacterial nor viral etiologies were identified using the aforementioned methods. This was a
heterogeneous group as it potentially included untested viruses, systemic diseases with meningeal
involvement, neoplastic meningitis, and drug-induced meningitis.

The temperature readings of the patients were taken at presentation in the Emergency Room (ER) and were
considered elevated at >37.5°C. History of fever was recorded as positive if the patients or their caretakers
reported fever or chills, regardless of whether documented by a thermometer or not. Mortality was defined
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by all-cause, in-hospital deaths which occurred during the hospital stay.

Investigations
All included patients had CSF samples taken and analyzed. This included CSF protein, glucose, leukocytes,
erythrocytes, CSF culture, and gram staining. CSF PCR was done for most patients; enterovirus (n = 158),
herpes simplex virus (HSV) I (n = 155), HSV II (n = 155), Epstein-Barr virus (EBV) (n = 61), cytomegalovirus
(CMV) (n = 60), and tuberculosis (n = 57).

Statistical analysis
Continuous variables were expressed either as mean ± standard deviation (SD) or as percentages. Where
more appropriate due to the skewness of the data, the median and interquartile range (first to third quartile)
were reported. Where inferential statistical analyses were performed between continuous variables, the
Mann-Whitney U test was used, which is a non-parametric alternative to the independent-samples t-test.
This was because the data did not meet the assumptions of the t-test. When comparing frequencies to the
expected probability distribution, a chi-square goodness-of-fit test was used, and Fisher’s exact test was
used for comparing mortality rates. Due to the descriptive nature of this work, no hypotheses were
predetermined a priori; therefore, to avoid the pitfall of type I error caused by multiple comparisons, Holm’s
sequential-Bonferroni method was used to adjust for multiple testing and alpha inflation when comparing
CSF findings. The null-hypothesis significance tests were two-tailed, and an alpha significance cut-off at p <
0.05 was chosen. Data were imported into and analyzed using the open-access Jamovi statistical software
(version 2.2.5). The R package multxpert was used where p-value adjustments were performed for multiple
comparisons.

Results
Demographics
A total of 169 patients met our inclusion criteria (range = one month to 83 years). Of whom, 113 (67%) were

males, with a male-to-female ratio of 2, illustrating a significant male predominance (χ2 goodness-of-fit
test, p < 0.001). Details are shown in Table 1. The occurrence was seen predominantly in the pediatric age
group (118 patients, 70%), leading to a right-skewed age distribution. The median age in males was six years
(1-16 years), and in females was 17.5 years (3.4-27.3 years). This difference was statistically significant
(Mann-Whitney U test, p = 0.01, rank-biserial correlation effect size = 0.243, 95% confidence interval (CI) =
0.062-0.408). The frequency and age distribution differences are illustrated in Figure 2.

 
Aseptic Enteroviral Others Total

(n = 83) (n = 74) (n = 12) (n = 169)

Gender

   Males 55 54 4 113

   Females 28 20 8 56

Age, median (IQR)

   Males 7 (0.75–23) 6 (1–8) 25 (21–28) 6 (1–16)

   Females 17 (4–32) 9 (2–21) 23 (13–38) 17.5 (3.4–27.3)

Referral 27 12 4 43

Prior antibiotic treatment 40 37 7 84

TABLE 1: Demographics of the studied sample.
IQR: interquartile range
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FIGURE 2: Age pyramid by years displaying the male predominance,
particularly at younger ages.

Of our patients, 43 (25%) were referred from other hospitals or clinics. Aseptic meningitis did not display a
particular pattern of seasonality; however, enteroviral meningitis cases peaked in May and June during the
late spring season.

A total of 84 (50%) patients reported taking antibiotics prior to presentation to KAUH’s ER. The most
commonly taken antibiotic was amoxicillin, with or without clavulanate (32%), followed by ceftriaxone
(20%) and cefixime (10%). The mean duration of antibiotic use was 3.2 days (±2 days) prior to presentation.

Clinical features
The most commonly reported symptoms were fever and headache (Table 2). The vast majority of patients
(95%) reported fever, subjective or documented. However, only 48% of patients were febrile at presentation
to the ER using the threshold of 37.5°C commonly used at our center. Meningeal signs were positive in only
29 patients, and they did not have greater CSF leukocytes levels compared to those documented to have
negative meningeal signs (M = 346 ± 568, N = 29 vs. M = 232 ± 352, N = 31; Mann-Whitney U test, p = 0.151,
rank-biserial correlation effect size = 0.22, 95% CI = -0.07-0.47).
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Signs and symptoms Frequency NA* Valid percentage (NA excluded) Valid percent (NA included)

Fever history 148 13 95 88

Headache 106 63 100 63

Fever in the ER 81 0 48 48

Vomiting 70 98 99 41

Hypoactivity or decreased oral intake 65 104 100 38

Photophobia 41 127 98 24

Meningeal signsa 29 109 48 17

Nuchal rigidity 25 114 45 15

Kernig 24 114 44 14

Brudzinski 22 116 42 13

Phonophobia 21 148 1 12

Seizure or loss of consciousness 17 152 100 10

Coryza 11 158 100 7

Altered mental status 10 159 100 6

Diarrhea 8 161 100 5

TABLE 2: Clinical features.

*: Missing data (NA) are reported to avoid misleading percentages. a: Positive of any of the three meningeal signs: Kerning, Brudzinski, and nuchal rigidity.

NA: not available; ER: emergency room

CSF analysis findings
The causative agent of meningitis was identified in 86 (51%) of the 169 cases, and the remaining 83 (49%)
cases were labeled as aseptic meningitis, which was the most common cause, diagnosed by exclusion. Viral
PCR for CSF was positive in 80 patients. Enterovirus was the most commonly identified virus, being detected
in 74 samples. HSV I or HSV II was seen in two patients, one of whom was positive for both (Table 3).

Etiology Frequency Percentage

Aseptic 83 49.1

Enterovirus 74 43.8

Streptococcus pneumoniae 3 1.8

Epstein-Barr virus 3 1.8

Herpes simplex virus 2 1.2

Mycobacterial 2 1.2

Klebsiella pneumoniae 1 0.6

Cytomegalovirus 1 0.6

Total 169 100

TABLE 3: Etiologies.
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Cultures were positive in four patients (three S. pneumoniae , one K. pneumoniae), and Mycobacterium
tuberculosis was identified in two patients using PCR testing, for a total of six bacterial meningitis cases
(3.5%). The description of CSF findings and comparison between aseptic and enteroviral meningitis is shown
in Table 4. The CSF findings of other etiologies are not included in the table, as their samples were too small
to produce reliable inferences.

CSF parameters
Aseptic Enteroviral

P-valuea

(n = 83) (n = 74)

Glucose (mmol/L)

   Median (IQR) 3.2 (2.9–4) 3.3 (3.0–3.7)
1

   Range 0.2–7.5 1.2–5.7

Protein (mg/dL)

   Median (IQR) 68 (40–131) 52 (31–82)
0.361

   Range 1–451 1–1,148

Erythrocytes (cells/µL)

   Median (IQR) 6.5 (1.5–81) 20.0 (5.0–113)
0.474

   Range 0–16,000 0–19,200

Leukocytes (cells/µL)

   Median (IQR) 130 (48.5–219) 191.0 (72–424)
0.049*

   Range Aug-00 10–1,870

Lymphocytes (%)

   Median (IQR) 60 (33.0–84) 40.0 (16–66)
0.049*

   Range 0–100 3–100

Monocytes (%)

   Median (IQR) 16 (6.0–26) 16 (5–30)
1

   Range 0–92 0–80

Neutrophils (%)

   Median (IQR) 15 (2–40) 36 (10–64)
0.026*

   Range 0–92 0–96

Eosinophils (%)

   Median (IQR) 0 (0–0) 0 (0–0)
1

   Range 0–21 0–11

TABLE 4: Comparison of CSF analysis between aseptic and enteroviral meningitis.
a: Holm-adjusted p-values for Mann-Whitney U test. Due to the multiple testing of eight variables, alpha is inflated from 5% to 34% (familywise error rate =
1 - (1-0.05)8). Therefore, original p-values were multiplied sequentially by the number of comparisons (c = 8) as per the Holm procedure for multiple
comparisons. This was deemed necessary to avoid type I error and alpha inflation. *: p < 0.05.

CSF: cerebrospinal fluid; IQR: interquartile range

Regarding neutrophil predominance (i.e., ≥50%) within CSF samples, 19% of aseptic cases and 44% of
enteroviral cases displayed neutrophil predominance. In CSF samples of enteroviral meningitis, neutrophil
percentages were significantly higher, while lymphocyte percentages and total leukocytes were lower when
compared to aseptic meningitis, as seen in Table 4. No other significant differences between the two groups
were noted for CSF glucose, protein, erythrocytes, monocytes, and eosinophils.
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All four bacterial cases displayed neutrophil predominance. However, in predicting bacterial etiology given
that neutrophil predominance was present, the positive predictive value was 8% (4/53 = 8%). The
contingency table of neutrophil predominance across bacterial and non-bacterial etiologies is shown in
Table 5.

  Bacteriala Non-bacterialb Total

PMNs ≥50%
Yes 4 49 53

No 0 108 108

 Total 4 157 161

TABLE 5: CSF neutrophil predominance in bacterial and non-bacterial etiologies.
a: Mycobacteria excluded as it is expected to display lymphocyte predominance. b: Both aseptic (n = 83) and enteroviral cases (n = 74).

PMNs: polymorphonuclear leukocytes; CSF: cerebrospinal fluid

Clinical outcomes
The outcomes for enteroviral meningitis were excellent as no deaths occurred among the 74 enteroviral
cases. However, two deaths were recorded among the 83 aseptic cases, and four died out of the six bacterial
cases. Mortality was significantly higher in bacterial meningitis (Fischer’s exact test, p < 0.001). No other
deaths occurred.

Discussion
Males are remarkably more represented than females in the diagnosis of meningitis. A recent meta-analysis
by peer et al. [8] on national data across five countries from 1999 to 2016 identified a consistent male
predominance in viral meningitis cases in every country included. This difference was driven by the higher
incidence of meningitis in males under 15 years of age, while incidence rates were similar at older ages
between males and females. Providing further validation in Jordan, the male-to-female ratio in our study
was 3 in adolescents younger than 15 years of age, while the ratio was 1 at older ages. Prior literature from
Jordan displays the same trend [9-11]. This disparity in incidence at younger ages could be attributed to the
immunological sex-based differences, such as the superior immune response of females to viral infections,
both through cell-mediated and humoral immunity. Additionally, estrogen stimulates further
differentiation of leukocytes, while androgen suppresses leukocyte activity via anti-inflammatory cytokines
[12-14].

Regarding seasonal variation, our results showed a difference from prior trends observed in our region,
which have reported higher rates in the summer and peaks in July-August [10,15].

The majority of patients took antibiotics before presenting to the ER. This is due to the lack of public
awareness of the perils of antibiotic misuse, in addition to the absence of monitoring of antibiotics in Jordan
as they are sold over the counter in pharmacies without mandating the provision of a prescription from a
licensed medical professional. In our study, oral penicillins were the most commonly used antibiotics prior
to presentation, which are not used as monotherapy empirically in meningitis [4,16] and only serve to
further complicate the interpretation of CSF results and reduce their diagnostic value, particularly in CSF
cultures [17]. This has notable implications in affecting studies conducted in lower- and middle-income
countries where antibiotic stewardship is poorly practiced because this inappropriate practice can result in
missing some bacterial etiologies on culture, leading to a false diagnosis of aseptic meningitis.

The most common presenting complaints were fever, headache, vomiting, and general weakness. This is in
line with prior studies which also showed that greater than 85% of patients with meningitis report fever [18].
Although the majority of patients reported a history of undocumented fever at some point during the course
of their illness, only about half were febrile in the ER. This finding is of major value to clinicians because, in
a patient presenting with a clinical suspicion of meningitis, the absence of fever at evaluation does not rule
out the possibility of meningitis in the ER setting. Therefore, physicians should not solely use the absence of
fever in the ER to exclude the necessity of lumbar puncture.

The classic physical signs of meningitis, namely, Kernig, Brudzinski, and nuchal rigidity, had very little
diagnostic value. These physical signs, when combined, offered a sensitivity of only 48% when ignoring
missing data and 17% when missing data were included. It is reasonable to expect the true value for
sensitivity in our sample to be somewhere in between as clinicians may be more interested in positive
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findings. However, the specificity of these signs could not be measured as patients who did not have
meningitis on lumbar puncture were not included in our study, rendering the rate of positive meningeal
signs among non-meningitis patients unknown. Several studies have been conducted to assess the reliability
of these signs. A systematic review of prospective studies [19] showed the meningeal signs together to have
a sensitivity of 64% and a specificity of 89%. Although there is considerable variation in the values reported
in different studies, the authors of those studies are consistent in their conclusion that these signs are of
little to no diagnostic value and cannot be used to rule in or rule out meningitis, and that lumbar puncture
is indicated if the clinical picture is suspicious for meningitis to reliably diagnose it and determine its
etiologic agent [20-23]. These classic signs have been heavily emphasized in the medical curriculum for the
past century and are still a hot topic in assessments and practical examinations. Multiple factors can explain
the disappointing performance of these signs such as improper technique, poor interobserver agreement,
and low intrinsic value of the signs per se. We should encourage a critical and evidence-based evaluation of
such practices and direct attention to what future physicians will find helpful in fulfilling their
responsibility of delivering safe and evidence-based diagnosis and management to their patients.

Our study also showed that the vast majority of meningitis cases outside of the neonatal period were aseptic
and viral in etiology, and enterovirus was the leading viral agent, which is in line with prior regional and
international reports [9,24-26]. Enteroviral cases displayed higher CSF neutrophil percentage compared to
aseptic cases. This fact is of high relevance to clinicians because CSF neutrophil predominance is observed
frequently in enteroviral meningitis, and, therefore, merely crossing the 50% cutoff is of weak predictive
value for bacterial etiology, especially given the low base rate incidence of bacterial meningitis among other
causes. Indeed, neutrophil percentages higher than half offer more specificity and greater clinical predictive
value for bacterial causes. The neutrophil predominance in enteroviral meningitis is well documented [11]. A
study from Korea [27] compared enteroviral meningitis with other viral etiologies and found significantly
higher blood neutrophil percentages in the former. Additionally, enteroviral cases displayed lower blood and
CSF lymphocyte percentages. Although they did not directly report elevated CSF neutrophils, it can be
approximated as 100 minus lymphocyte percentage as the rest of the leukocyte types are of negligible
proportion. The authors commented on their finding of low CSF lymphocytes in enteroviral meningitis by
saying that its meaning is unclear. In-vitro and animal studies have shown that infection of neutrophils with
Coxsackievirus B3, a prevalent enterovirus, triggers the release of tumor necrosis factor-alpha, interleukin-
6, and other cytokines, which mediate inflammation and enhance neutrophil survival. This was implicated
in the pathogenesis of viral myocarditis [28] and is a promising area of research as a better understanding of
this topic in the future could lead to novel treatments for viral meningitis to alleviate the severity of
symptoms or shorten the duration of illness.

The leading bacterial pathogen identified was S. pneumoniae . This is similar to many other trends worldwide
after the introduction of the Hib vaccine [5,29]. It is unsurprising that no Hib cases were identified in our
cohort as the Jordanian national vaccination program includes the Hib vaccine since its introduction in 2001.
This vaccine has been shown to be highly effective and of major impact on the epidemiology of meningitis
worldwide [4,5]. However, it should be noted that the widespread abuse of antibiotics by the public likely
lowered the perceived culture results to some extent as prior administration of antibiotics can sterilize CSF
and reduce culture growth results [17].

Putting our findings in context with prior work, local literature is unfortunately very limited. In the study by
Meqdam et al. [9], enterovirus was responsible for 72% of meningitis cases and echovirus 9 was the leading
serotype. Cultures were positive for bacteria in 7% of lumbar punctures, but the study did not elaborate
further on bacterial etiologies. In 2004, a multinational epidemiologic study used a rapid assessment tool to
study annual Hib meningitis incidence rates in children younger than five years of age [30], and it was
estimated in Jordan at 14 per 100,000 children. Our study showed that Hib is no longer a common bacterial
etiology, and S. pneumoniae  is the leading bacterial etiology.

We have anecdotal evidence to suspect that Hib may reemerge to some degree due to a decrease in vaccine
coverage for children during the coronavirus disease 2019 (COVID-19) pandemic lockdowns in 2020. Our
clinicians have recently diagnosed the first Hib meningitis case in years, and the patient was unvaccinated. It
is necessary to catch up on missed vaccinations to avoid possible future outbreaks.

We warn against the misinterpretation of the present findings. Our data on the clinical features, etiologies,
and outcomes should not be generalized to populations not targeted by our study, such as neonates and
patients with coexisting conditions deeming them high risk for bacterial meningitis and poorer outcomes,
for example, those with craniospinal malformations, injuries, or surgeries, inserted ventriculoperitoneal
shunts, and immunocompromised patients.

This study represents a milestone in the public health record of Jordan as it highlights, with good quality
and clear and replicable methodology, the leading viral and bacterial etiologies of meningitis in the period
preceding 2019, the year in which the pneumococcal conjugated vaccine was added to the Jordanian
national vaccination program, with the aim to start administering vaccinations in 2020, although this has
been unfortunately hindered by the COVID-19 pandemic, and the focusing of efforts and resources toward
its vaccination. Regardless, as more children receive vaccination against S. pneumonia in the future, this
report will be vital for future monitoring and comparison.
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Study limitations
This study is limited by the frequent antibiotic abuse as some bacterial meningitis cases may have been
mislabeled as aseptic, leading to the underestimation of the true number of bacterial meningitis cases.
However, this also provides a more representative image of real-world patients and the clinical practice in
Jordan and many countries where antibiotic misuse is prevalent. Finally, KAUH is the only tertiary care
hospital in northern Jordan, and patients who were sufficiently managed in primary and secondary
healthcare centers were not represented in this study.

Conclusions
Meningitis in Jordan is most commonly aseptic and enteroviral and has excellent outcomes compared with
bacterial meningitis. Enteroviral meningitis displays a higher percentage of neutrophils in CSF compared to
aseptic meningitis. S. pneumoniae  is the leading cause of bacterial meningitis. Slight neutrophil
predominance above half is a weak predictor of bacterial meningitis due to the small contribution of bacteria
as a cause among enteroviruses and aseptic etiologies.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Institutional Review
Board Ethical Committee of Jordan University of Science and Technology issued approval IRB #51/117/2018.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the 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.

Acknowledgements
Husam Abuhayyeh and Belal Al Droubi should be considered co-first authors as they contributed equally to
the literature review, data collection, revision, statistical analysis, writing, and design of figures and tables.
Jowan Al-Nusair, Bashar Malkawi, Lana Haddad, and Nour Abed Alfattah contributed to the literature
review, data collection, and writing. Jamal Abu Ghaida and Wail Hayajneh contributed to the design of
methodology, writing, and scientific revision. All authors have read and agreed to the published version of
the manuscript. We would like to express our deepest gratitude to Dr. Mohammad Al-Qudah, Department of
Pathology and Microbiology at JUST, and Dr. Eyad Altamimi, Department of Pediatrics and Neonatology at
JUST, for their kind help and assistance in finding a suitable journal for the publishing of this manuscript.
Belal is grateful to Dr. Nour Abdo, Department of public health at JUST, for her gratuitous out-of-office-
hours mentorship on statistics, despite her busy schedule. Special thanks to all the diligent pediatrics
residents at KAUH for caring for their sick patients, without whom this work would not have been possible.

References
1. Sáez-Llorens X, McCracken GH Jr: Bacterial meningitis in children . Lancet. 2003, 361:2139-48.

10.1016/S0140-6736(03)13693-8
2. Ginsberg L: Difficult and recurrent meningitis . J Neurol Neurosurg Psychiatry. 2004, 75 Suppl 1:i16-21.

10.1136/jnnp.2003.034272
3. Rudolph H, Schroten H, Tenenbaum T: Enterovirus infections of the central nervous system in children: an

update. Pediatr Infect Dis J. 2016, 35:567-9. 10.1097/INF.0000000000001090
4. Brouwer MC, Tunkel AR, van de Beek D: Epidemiology, diagnosis, and antimicrobial treatment of acute

bacterial meningitis. Clin Microbiol Rev. 2010, 23:467-92. 10.1128/CMR.00070-09
5. McIntyre PB, O'Brien KL, Greenwood B, van de Beek D: Effect of vaccines on bacterial meningitis worldwide .

Lancet. 2012, 380:1703-11. 10.1016/S0140-6736(12)61187-8
6. Global, regional, and national burden of meningitis, 1990-2016: a systematic analysis for the Global Burden

of Disease Study 2016. Lancet Neurol. 2018, 17:1061-82. 10.1016/S1474-4422(18)30387-9
7. Maimaiti N, Ahmed Z, Md Isa Z, Ghazi HF, Aljunid S: Clinical burden of invasive pneumococcal disease in

selected developing countries. Value Health Reg Issues. 2013, 2:259-63. 10.1016/j.vhri.2013.07.003
8. Peer V, Schwartz N, Green MS: Consistent, excess viral meningitis incidence rates in young males: a multi-

country, multi-year, meta-analysis of national data. The importance of sex as a biological variable.
EClinicalMedicine. 2019, 15:62-71. 10.1016/j.eclinm.2019.08.006

9. Meqdam MM, Khalousi MM, Al-Shurman A: Enteroviral meningitis in Northern Jordan: prevalence and
association with clinical findings. J Med Virol. 2002, 66:224-8. 10.1002/jmv.2133

10. Atoom OR, Shakoury AA, Bataineh ZS, Zraikat EN, Shweiyat SH: Cases of acute meningitis in children,
admitted and treated in Prince Hashim Military Hospital in Zarqa-Jordan. Biomed J Sci Tech Res. 2019,
15:11260-5. 10.26717/BJSTR.2019.15.002680

11. Masri A, Dwaikat A, Haroun N, et al.: Aseptic meningitis and its viral etiologies, clinical characteristics and
management practices in children: a retrospective hospital-based study from Jordan. Cureus. 2022,
14:e24383. 10.7759/cureus.24383

2022 Abuhayyeh et al. Cureus 14(10): e29864. DOI 10.7759/cureus.29864 9 of 10

https://dx.doi.org/10.1016/S0140-6736(03)13693-8
https://dx.doi.org/10.1016/S0140-6736(03)13693-8
https://dx.doi.org/10.1136/jnnp.2003.034272
https://dx.doi.org/10.1136/jnnp.2003.034272
https://dx.doi.org/10.1097/INF.0000000000001090
https://dx.doi.org/10.1097/INF.0000000000001090
https://dx.doi.org/10.1128/CMR.00070-09
https://dx.doi.org/10.1128/CMR.00070-09
https://dx.doi.org/10.1016/S0140-6736(12)61187-8
https://dx.doi.org/10.1016/S0140-6736(12)61187-8
https://dx.doi.org/10.1016/S1474-4422(18)30387-9
https://dx.doi.org/10.1016/S1474-4422(18)30387-9
https://dx.doi.org/10.1016/j.vhri.2013.07.003
https://dx.doi.org/10.1016/j.vhri.2013.07.003
https://dx.doi.org/10.1016/j.eclinm.2019.08.006
https://dx.doi.org/10.1016/j.eclinm.2019.08.006
https://dx.doi.org/10.1002/jmv.2133
https://dx.doi.org/10.1002/jmv.2133
https://dx.doi.org/10.26717/BJSTR.2019.15.002680
https://dx.doi.org/10.26717/BJSTR.2019.15.002680
https://dx.doi.org/10.7759/cureus.24383
https://dx.doi.org/10.7759/cureus.24383


12. Klein SL: The effects of hormones on sex differences in infection: from genes to behavior . Neurosci
Biobehav Rev. 2000, 24:627-38. 10.1016/s0149-7634(00)00027-0

13. vom Steeg LG, Klein SL: SeXX matters in infectious disease pathogenesis . PLoS Pathog. 2016, 12:e1005374.
10.1371/journal.ppat.1005374

14. Straub RH: The complex role of estrogens in inflammation . Endocr Rev. 2007, 28:521-74. 10.1210/er.2007-
0001

15. Levine H, Mimouni D, Zurel-Farber A, Zahavi A, Molina-Hazan V, Bar-Zeev Y, Huerta-Hartal M: Time trends
of viral meningitis among young adults in Israel: 1978-2012. Eur J Clin Microbiol Infect Dis. 2014, 33:1149-
53. 10.1007/s10096-014-2057-3

16. van de Beek D, Brouwer MC, Thwaites GE, Tunkel AR: Advances in treatment of bacterial meningitis .
Lancet. 2012, 380:1693-702. 10.1016/S0140-6736(12)61186-6

17. Nigrovic LE, Malley R, Macias CG, et al.: Effect of antibiotic pretreatment on cerebrospinal fluid profiles of
children with bacterial meningitis. Pediatrics. 2008, 122:726-30. 10.1542/peds.2007-3275

18. Oostenbrink R, Moons KG, Theunissen CC, Derksen-Lubsen G, Grobbee DE, Moll HA: Signs of meningeal
irritation at the emergency department: how often bacterial meningitis?. Pediatr Emerg Care. 2001, 17:161-
4. 10.1097/00006565-200106000-00003

19. Curtis S, Stobart K, Vandermeer B, Simel DL, Klassen T: Clinical features suggestive of meningitis in
children: a systematic review of prospective data. Pediatrics. 2010, 126:952-60. 10.1542/peds.2010-0277

20. Attia J, Hatala R, Cook DJ, Wong JG: The rational clinical examination. Does this adult patient have acute
meningitis?. JAMA. 1999, 282:175-81. 10.1001/jama.282.2.175

21. Thomas KE, Hasbun R, Jekel J, Quagliarello VJ: The diagnostic accuracy of Kernig's sign, Brudzinski's sign,
and nuchal rigidity in adults with suspected meningitis. Clin Infect Dis. 2002, 35:46-52. 10.1086/340979

22. Brouwer MC, Thwaites GE, Tunkel AR, van de Beek D: Dilemmas in the diagnosis of acute community-
acquired bacterial meningitis. Lancet. 2012, 380:1684-92. 10.1016/S0140-6736(12)61185-4

23. Abro AH, Abdou AS, Ali H, Ustadi AM, Hasab AA: Cerebrospinal fluid analysis acute bacterial versus viral
meningitis. Pak J Med Sci. 2008, 24:645-50.

24. Saadi AT, Garjees NA, Rasool AH: Antibiogram profile of septic meningitis among children in Duhok, Iraq .
Saudi Med J. 2017, 38:517-20. 10.15537/smj.2017.5.19300

25. Glaser CA, Honarmand S, Anderson LJ, et al.: Beyond viruses: clinical profiles and etiologies associated with
encephalitis. Clin Infect Dis. 2006, 43:1565-77. 10.1086/509330

26. Berlin LE, Rorabaugh ML, Heldrich F, Roberts K, Doran T, Modlin JF: Aseptic meningitis in infants & 2 years
of age: diagnosis and etiology. J Infect Dis. 1993, 168:888-92. 10.1093/infdis/168.4.888

27. Han SH, Choi HY, Kim JM, Park KR, Youn YC, Shin HW: Etiology of aseptic meningitis and clinical
characteristics in immune-competent adults. J Med Virol. 2016, 88:175-9. 10.1002/jmv.24316

28. Rivadeneyra L, Charó N, Kviatcovsky D, de la Barrera S, Gómez RM, Schattner M: Role of neutrophils in
CVB3 infection and viral myocarditis. J Mol Cell Cardiol. 2018, 125:149-61. 10.1016/j.yjmcc.2018.08.029

29. van de Beek D, Brouwer M, Hasbun R, Koedel U, Whitney CG, Wijdicks E: Community-acquired bacterial
meningitis. Nat Rev Dis Primers. 2016, 2:16074. 10.1038/nrdp.2016.74

30. Feikin DR, Nelson CB, Watt JP, Mohsni E, Wenger JD, Levine OS: Rapid assessment tool for Haemophilus
influenzae type b disease in developing countries. Emerg Infect Dis. 2004, 10:1270-6.
10.3201/eid1007.030737

2022 Abuhayyeh et al. Cureus 14(10): e29864. DOI 10.7759/cureus.29864 10 of 10

https://dx.doi.org/10.1016/s0149-7634(00)00027-0
https://dx.doi.org/10.1016/s0149-7634(00)00027-0
https://dx.doi.org/10.1371/journal.ppat.1005374
https://dx.doi.org/10.1371/journal.ppat.1005374
https://dx.doi.org/10.1210/er.2007-0001
https://dx.doi.org/10.1210/er.2007-0001
https://dx.doi.org/10.1007/s10096-014-2057-3
https://dx.doi.org/10.1007/s10096-014-2057-3
https://dx.doi.org/10.1016/S0140-6736(12)61186-6
https://dx.doi.org/10.1016/S0140-6736(12)61186-6
https://dx.doi.org/10.1542/peds.2007-3275
https://dx.doi.org/10.1542/peds.2007-3275
https://dx.doi.org/10.1097/00006565-200106000-00003
https://dx.doi.org/10.1097/00006565-200106000-00003
https://dx.doi.org/10.1542/peds.2010-0277
https://dx.doi.org/10.1542/peds.2010-0277
https://dx.doi.org/10.1001/jama.282.2.175
https://dx.doi.org/10.1001/jama.282.2.175
https://dx.doi.org/10.1086/340979
https://dx.doi.org/10.1086/340979
https://dx.doi.org/10.1016/S0140-6736(12)61185-4
https://dx.doi.org/10.1016/S0140-6736(12)61185-4
https://pjms.com.pk/issues/octdec108/article/article1.html
https://dx.doi.org/10.15537/smj.2017.5.19300
https://dx.doi.org/10.15537/smj.2017.5.19300
https://dx.doi.org/10.1086/509330
https://dx.doi.org/10.1086/509330
https://dx.doi.org/10.1093/infdis/168.4.888
https://dx.doi.org/10.1093/infdis/168.4.888
https://dx.doi.org/10.1002/jmv.24316
https://dx.doi.org/10.1002/jmv.24316
https://dx.doi.org/10.1016/j.yjmcc.2018.08.029
https://dx.doi.org/10.1016/j.yjmcc.2018.08.029
https://dx.doi.org/10.1038/nrdp.2016.74
https://dx.doi.org/10.1038/nrdp.2016.74
https://dx.doi.org/10.3201/eid1007.030737
https://dx.doi.org/10.3201/eid1007.030737

	A Little Neutrophil Predominance May Not Be a Harbinger of Death: Clinical and Laboratory Characteristics of Meningitis in Jordan
	Abstract
	Background
	Methodology
	Results
	Conclusions

	Introduction
	Materials And Methods
	Study design
	Ethical approval
	Patients and inclusion criteria
	FIGURE 1: The inclusion and exclusion process of the studied sample.

	Defining the variables of interest
	Investigations
	Statistical analysis

	Results
	Demographics
	TABLE 1: Demographics of the studied sample.
	FIGURE 2: Age pyramid by years displaying the male predominance, particularly at younger ages.

	Clinical features
	TABLE 2: Clinical features.

	CSF analysis findings
	TABLE 3: Etiologies.
	TABLE 4: Comparison of CSF analysis between aseptic and enteroviral meningitis.
	TABLE 5: CSF neutrophil predominance in bacterial and non-bacterial etiologies.

	Clinical outcomes

	Discussion
	Study limitations

	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


