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Background: Meningitis and meningoencephalitis (MME) are potential medical
emergencies. Mandatory reporting of all MME cases in the Israel Defense Force (IDF)
allows accurate characterization of MME incidence and course. In the present study, we
described the epidemiology of MME in soldiers.

Methods: Medical charts of 860,000 combat and non-combat soldiers serving during
the years 2004-2015, accounting for 2,256,060 patient years, were retrospectively
evaluated. The diagnosis of MME was based on signs of meningeal irritation and a count
of > 5 white blood cells (WBC) in the cerebrospinal fluid (CSF). Data on the diagnosis of
bacterial or aseptic MME, significant sequelae, and associated mortality were collected.

Results: Approximately 273 cases of MME were diagnosed. Overall, MME incidence
was 12.1/100,000 patient-years. Bacterial and viral pathogens were identified in
31/273 (11.4%) and 52/273 (19%) cases, respectively. Combat soldiers had higher
incidence of bacterial meningitis [14/40 (35%) vs. 31/212 (14.6%); p = 0.002] and
meningoencephalitis [13/40 (32.5%) vs. 33/212 (15.6%); p = 0.023] compared to
non-combat soldiers. Their clinical presentation was more severe, including confusion
[10/40 (25%) vs. 22/212 (10.4%); p = 0.018], focal neurological deficits [12/40 (30%)
vs. 11/212 (5.2%); p < 0.0001], and status epilepticus [3/40 (7.5%) vs. 0/212 (0.0%);
p < 0.01]. Mortality among combat soldiers was higher [5/40 (15%) vs. 1/212 (0.5%);
p < 0.001]. N. meningitidis was the most frequently isolated bacteria, despite universal
preventative vaccination.

Conclusion: The incidence of bacterial MME in the IDF is higher than in the civilian
population. Combat soldiers present with higher incidence of meningoencephalitis and
bacterial meningitis.
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INTRODUCTION

Acute bacterial meningitis is a severe disease, with an incidence of
about 0.94 cases per 100,000 annually in the Netherlands (1) and a
case fatality rate of 14.3% in all age groups (2). Aseptic meningitis
and meningoencephalitis (MME) present with a negative bacteria
culture, and are often of viral etiology (3). In one report from
the United States, incidence of aseptic meningitis was estimated
to be as high as 10 per 100,000 per year (4). However, in the
United Kingdom, meningitis caused by an identifiable viral agent
was estimated to have an annual incidence of 2.73/100,000,
suggesting that other etiologies may play a significant role (5).

The Israel Defense Forces (IDF) recruits about half of healthy
18-19-year-old males and females annually for obligatory service
of 2-3 years. The IDF mandates reporting of all aseptic and
bacterial cases of MME, and reports an average annual incidence
for aseptic meningitis of 10.46 per 100,000 (6).

Previous studies have reported that aseptic meningitis is more
common in military personnel (7) and soldiers in particular (8).
Our experience concurs that there is higher incidence of both
meningitis and meningoencephalitis in combat soldiers in data
collected in a single medical center (9).

The aims of this study are to provide accurate data on MME in
soldiers, and to compare these features in combat vs. non-combat
soldiers in the entire military population. We hypothesized
that soldiers would have higher incidence of MME compared
to civilians, and that combat soldiers will have a more severe
clinical course.

METHODS
Subjects

Medical corps personnel are mandated to report all cases of
MME in the IDF to both the IDF public health officer and
the chief military neurologist. All cases of suspected infectious
meningitis are evaluated by the military public health (MPH)
officer and by the Head of the Military Epidemiology Department
to exclude non-infectious cases. Every case of infectious MME
that is diagnosed during military service is identified and
thoroughly investigated. The public health officer confirms the
diagnosis of infectious MME, and prospectively records clinical
and laboratory data. Details of contagious medical conditions in
the soldier’s unit are recorded, and appropriate interventions are
ordered (Supplementary Figure 1).

All cases of infectious MME for which there was a complete
medical record were included in the current study. Cases
of MME that had occurred prior to recruitment or during
reserve duty after discharge from active duty, and MME due
to traumatic, iatrogenic, and other non-infectious causes (for
example, inflammatory diseases, such as sarcoidosis, neoplastic
diseases, MME associated with trauma, and postoperative MME)
were excluded.

The prospective infectious MME database correlating
with a source population of 860,000 consecutive soldiers
who served on active duty in the IDF from 1.1.2004 to
31.6.2015 was retrospectively reviewed. The year 2004
was chosen as a start year due to the computerization

of medical records. The full data set encompasses the
equivalent of 2,256,060 patient years for epidemiological
purposes. Each patient was followed for a minimum period of
60 days.

The great majority of soldiers were young men aged 18-22
years; however, women serving in the IDF and career military
personnel up to 45 years old were also included in the study. IDF
soldiers were designated as combat or non-combat according to
the post in which they served most of the service period. Some
of the soldiers rotated between posts and, therefore, were not
defined as either.

Definitions of MME

Meningoencephalitis was defined as meningitis with signs
of parenchymal involvement, such as behavioral changes,
confusion, focal cortical deficits, and/or seizures (10).

Bacterial meningitis was defined as follows: LP findings
of 100-5,000 cells/pL, mainly neutrophils, protein levels of
100-500 mg/dL, and glucose levels below 40 mg/dL (4, 11).
Partially treated bacterial meningitis was defined in cases where
the patient was diagnosed and treated in a civilian medical
department with documentation of prior antibiotic treatment, a
CSF profile including either bacterial characteristics as defined
above, or a mixed presentation of both lymphocytes and
neutrophils, and a decision to continue antibiotic treatment
during hospitalization (12).

Aseptic meningitis was defined as > 5 white cells/mm?
in the CSE with lymphocyte predominance, accompanied
by acute symptoms of meningitis with negative gram stain
and cultures (13, 14).

Aside from the diagnosis of proven or suspected infectious
meningoencephalitis given during hospital admission, each
patient record in the cohort was further evaluated by the
chief military neurologist and the head of the military
epidemiology department in an attempt to exclude non-
infectious causes in cases without an identified pathogen.
The workup to exclude non-infectious etiologies for aseptic
meningitis or meningoencephalitis included CSF pathology, B-
cell immunoglobulin gene rearrangement to rule out lymphoma,
brain magnetic resonance imaging (MRI) to rule out structural
causes, and an immunology panel to exclude meningitis as part
of a systemic disease. Paraneoplastic and limbic encephalitis
panels were used when clinical suspicion was raised and
extended to include additional tests in the more recent years of
the study.

Clinical Data

The complete computerized medical record, including details
of all treatments provided at hospitals and clinics across
Israel during military service, was reviewed by an experienced
military neurologist (AH). MRI images were centrally reviewed
by an experienced certified neuroradiologist blinded to the
clinical information (RE). Data on medical history, presenting
symptoms, time from the first symptom to hospital arrival,
management, disease course, laboratory findings (CSF analysis,
microbiology, blood biochemistry), and late sequelae were
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recorded (Supplementary Figure 1). Sequelae were divided into
five categories:

e Cognitive impairment based on professional assessment and
performance on the Montreal Cognitive Assessment Test
(MOCAT), as evaluated by a cognitive neurologist.

e Motor impairment based on assessment in a
rehabilitation center.

e Epilepsy based on diagnosis in an epilepsy center.

e Hearing impairment, assessed by an objective hearing test in a
hospital or military laboratory.

e Chronic headache requiring treatment on at least three
occasions, as recorded by a physician.

A comparison between combat and non-combat soldiers was
conducted in all categories.

Predisposing Factors

A search for predisposing factors was performed for every case of
bacterial and parasitic meningitis and included 5-9 complement
deficiencies and consultation with an infectious disease specialist
for evaluation of immune deficiency. Evaluation of predisposing
factors was conducted in patients’ computerized medical records.

Microbiological Methods

Microbiological methods included rapid gram stain, methylene
blue stain, thioglycolate, tryptic soy broth, chocolate agar, blood
agar, and MacConkey agar medium cultures. Tests for herpes
simplex virus (HSV) and enterovirus were performed with
polymerized chain reaction (PCR) in all CSF samples. M.
pneumonia-associated MME was diagnosed by a combination
of typical clinical findings in the CSF and positive PCR from
a throat swab. Tests for cytomegalovirus (CMV), Epstein-Barr
virus (EBV), and varicella zoster virus (VZV) were performed
with CSF PCR when requested. In cases where there was a clinical
suspicion of West Nile virus (WNV) or sand fly virus (SFV),
blood and CSF samples were sent to the zoonotic laboratory
of the Central National Virology Laboratories. Staining for
cryptococcus was performed using “Indian ink” stain and was
further evaluated by PCR for cryptococcal antigen. Evaluation
for human immunodeficiency virus (HIV) status was routinely
conducted. The patients diagnosed with immune compromise
due to any reason were evaluated for opportunistic infections.
Toxoplasma Gondii was tested by blood serology in every patient
with suspected immunocompromised state (a low white blood
count or a positive HIV serology) or whenever brain imaging was
concerning for cerebral neurotoxoplasmosis.

Ethical Considerations
The study was approved by the IDF Medical Corps Institutional
Review Board (1339-2014). Due to the retrospective nature of the
study, informed consent was waived. Data were deidentified.
Potential bias, including differences in report and treatment
protocols between civilian hospitals, was minimized by
standardization of the military report format for the
MME inquiry.

Statistical Analysis
For categorical variables, a summary is provided, giving sample
size and relative frequencies. For continuous variables, summary
tables are provided, giving the arithmetic mean (M) and
standard deviation (SD). Fishers exact test was applied to
test for relationships between clinical status and quantitative
demographic characteristics. A p < 0.05 was considered
statistically significant. The data were analyzed using SPSS
version 23 (IBM SPSS Statistics, Armonk, NY, USA) and
GraphPad 8 (Prism, San Francisco, CA, USA).

We used the STROBE cohort checklist when writing our
report (15).

RESULTS

Demographics

The study population was drawn from a total of 860,000
consecutive soldiers who served for the equivalent a total of
2,256,060 patient years (1,566,350 and 689,710 years for males
and females, respectively) in the IDF. A total of 273 soldiers,
mean age, 22.4 + 7.9 years (range, 18-42 years), met inclusion
criteria. There were 212 non-combat soldiers, 40 combat soldiers,
and 21 soldiers who rotated between combat and non-combat
posts and were, therefore, not classified into either group.
There were 21/273 (7.7%) soldiers in different stages of basic
training compared with 252/273 (92.3%) who had completed
basic training (p = 0.7).

The overall incidence of MME was 12.1/100,000 patient years
(273/225, 6060) and was comparable for combat and non-combat
soldiers (p = 0.83). Incidences of bacterial meningitis and aseptic
meningitis were 2.17/100,000 and 9.39/100,000, respectively;
0.54/100,000 cases included partially treated bacterial meningitis,
and two cases from parasitic pathogens.

Sex Differences

There were 209/273 (76.6%) males and 64/273 (23.4%) females.
Overall, MME incidence was 13.3/100,000 patient years for male
soldiers (209/1,566,350) and 9.3/100,000 patient years for female
soldiers (64/689,710); p = 0.0087. Males had more bacterial
meningitis compared to females in both non-office and office
positions (p = 0.001, p = 0.012, respectively).

Presentation

Presenting symptoms are summarized in Table 1. Compared to
non-combat soldiers, combat soldiers presented more often with
a reduced level of consciousness, diffuse meningeal irritation
signs, and focal motor deficits (p < 0.001 for all), as well as
confusion and status epilepticus accompanied by cerebral cortical
edema (p < 0.01 for both).

Pathogens and Sequelae

A pathogen was identified in 85/273 (31.1%) soldiers. Pathogen
frequency, common neurologic sequelae, and unique late
sequelae are described in Table 2.

Bacterial Pathogens
Neisseria meningitidis was the leading bacterial etiology [8/273,
(2.9%)]. Of the eight cases, four were type B, one was type C
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TABLE 1 | Clinical presentation upon arrival at the Emergency Department (ED).

Sign or symptom Total Combat soldiers Non-combat soldiers p
(n =273) (n = 40) (n=212)
Time: symptom onset to ED presentation 4.5 +6.37 48 £6.77 4.43 £6.29 0.351
(days)
Headache 220/273 (80.6%) 31/40 (77.5%) 176/212 (83.0%) 0.499
Fever 163/273 (569.7%) 23/40 (57.5%) 131/212 (61.8%) 0.479
Vomiting 75/273 (27.5%) 11/40 (27.5%) 59/212 (27.8%) 0.847
Photophobia 53/273 (19.4%) 7/40 (17.5%) 45/212 (21.2%) 0.674
Confusion 32/273 (11.7%) 10/40 (25%) 22/212 (10.4%) 0.018
Decreased level of consciousness 24/273 (8.8%) 10/40 (25%) 12/212 (5.7%) <0.001
Phonophobia 17/273 (6.3%) 3/40 (7.5%) 14/212 (6.6%) 0.74
Vertigo 17/273 (6.3%) 3/40 (7.5%) 12/212 (5.7%) 0.713
Visual field deficit 13/273 (4.8%) 4/40 (10%) 7/212 (3.3%) 0.063
Seizures 14/273 (5.1%) 5/40 (5%) 9/212 (4.2%) 0.84
Motor deficit 9/273 (3.3%) 6/40 (15%) 3/212 (1.4%) <0.001
Diffuse meningeal irritation signs with 5/273 (1.8%) 5/40 (12.5%) 0/212 (0%) <0.001
positive Kernig and Brudzinski
Status epilepticus 3/273 (1.1%) 3/40 (7.5%) 0/212 (0%) 0.004
Ataxia 3/273 (1.1%) 2/40 (5%) 1/212 (0.5%) 0.067
Hearing impairment 3/273 (1.1%) 1/40 (2.5%) 2/212 (0.9%) 0.409
focal neuro deficit 23/273 (8.4%) 12/40 (30%) 11/212 (5.2%) <0.0001

Analysis: Fisher’s exact test. p < 0.05 are marked in bold.

(in an unvaccinated soldier), and three were not recognized.
N. meningitides type B continues to be a major cause for
meningococcal disease up to this day (three cases during the
years 2019-2020, and no cases of other bacterial types, as seen in
Supplementary Figure 2). Two out of the eight soldiers were in
combat units. All eight presented with either confusion or coma
that progressed rapidly over several hours. All the meningococcal
patients in this cohort resided in crowded housing situations,
which include a high number of soldiers residing in the same
room and sharing showers. Prompt epidemiological investigation
leading to rapid prophylactic antibiotic treatment in each
case prevented disease spread. Infection with Streptococcus
pneumonia [5/273 (1.8%)] was often preceded by ear pain and a
history of otitis media infections. Cases of methicillin-susceptible
Staphylococcus aureus (MSSA) [3/273 (1.1%)] presented with
widespread impetigo outbreak associated with skin lacerations.
All three of these patients suffered from severe bacteremia and
sepsis and died, including one case where death was attributed to
sudden and severe cerebellar edema and uncal herniation. LP was
performed in all cases of MSSA and was consistent with findings
of bacterial meningitis.

Viral Pathogens

Enterovirus was the most common viral pathogen [22/273
(8%)] and was diagnosed in the context of diarrheal epidemic.
Enteric cytopathic human orphan (ECHO) virus type B27
was identified in four patients with meningitis who had the
disease simultaneously and were from the same platoon of a
combat basic training unit that suffered from a concurrent
diarrheal epidemic. There were 14/273 (5.1%) VZV cases.

The majority of the patients with VZV presented without
rash, which led to a delay in identification and treatment,
and, possibly, the development of sequelae. There were
4/273 (1.5%) EBV cases. Patients with EBV presented with
subacute cerebellitis and were characterized by a slow course
of recovery.

Fungal and Parasitic Pathogens

One soldier with positive serology for HIV was infected with
Cryptococcus neoformans, and another soldier with Hashimoto
thyroiditis was diagnosed with cerebral neurotoxoplasmosis on
imaging and had positive serology for toxoplasma.

Mortality and Complications

Six of 273 (2.2%) patients from the cohort died because of MME
complications; 5/6 (83%) were combat soldiers (p = 0.0004).
Three deaths (50%) were due to MME of S. aureus etiology and
one due to Streptococcus milleri (Table 2). In the two remaining
patients who died, the pathogen was not identified; one case was
associated with severe status epilepticus and diffuse brain edema.

Predisposing Factors

Although tests for HIV were performed in all patients, HIV
was a rare predisposing factor, and was positive only in one
patient diagnosed with subacute cryptococcal meningitis. In
this patient, HIV was diagnosed as part of the evaluation
upon admission. Other predisposing factors included occult
malignancy, complement deficiencies, status post splenectomy,
and immunocompromise due to medications (Table 2).
Metabolic  disorders (vegetarianism with very low BI2
levels) and autoimmune diseases (Hashimoto’s thyroiditis,
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TABLE 2 | Known pathogens and their sequelae.

Pathogen Diagnostic Total Combat Non-combat P Common neurological Unique late Predisposing
test (n = 273) soldiers soldiers late sequelae (n) sequelae (n) factors
(n = 40) (n=212)
N. meningitidis® GandC 8 (2.9%) 2 (5%) 6 (2.8%) 0.62  Cognitive deficit (4), Neuro-intensive care  Complement
epilepsy (4) myopathy with deficiencies in two
prominent patients
fasciculations (1)
S. pneumonia GandC 5(1.8%) 2 (5%) 1(0.5%) 0.016  Seizures, cognitive deficit S/P splenectomy in
(1), Hearing loss (1) one patient
S. aureus® GandC 3(1.1%) 3 (7.5%) 0 (0%) 0.004 Death (3)
R. conorii ELISA 5(1.8%) 0 (0%) 5 (2.4%) 0.33  Peripheral vertigo (1),
resting tremor (1)
M. pneumonia GandC 3(1.1%) 1(2.5%) 2 (0.9%) 0.41
A. baumannii GandC 2 (0.7%) 0 (0%) 2 (0.9%) 0.54
C. burnetii ELISA 2(0.7%) 0 (0%) 2 (0.9%) 0.54  No sequelae recorded
S. milleri GandC 1(0.4%) 0 (0%) 1(0.5%) 0.66  Multiple brain abscess
lead to death
S. viridans GandC 1(0.4%) 1(2.5%) 0 (0%) 0.02  Papilledema and bilateral
abducens palsy
B. henselae Serology 1(0.4%) 0 (0%) 1(0.5%) 0.66  Optic neuropathy and
chorioretinopathy
Enterovirus PCR 22 (8.1%) 8 (20%) 14 (6.6%) 0.36  Migraine headache (2) Unilateral flaccid
paralysis (1)
Varicella zoster PCR 14 (5.1%) 1(2.5%) 13 (6.1%) 0.37  Moderate unilateral SNHL ~ Cortical venous Adalimumab
virus and peripheral vertigo (1) thrombosis (1), treatment in one
Radicular pain (1) cognitive impairment  patient
(1), trigeminal
neuralgia (1)
West Nile virus PCR 3 (1.1%) 1(2.5%) 2 (0.9%) 0.41 Unilateral flaccid paralysis Severe cognitive
ELISA (1), cerebellar ataxia (1) deficit (1)
Epstein-Barr virus  PCR 4 (1.5%) 1(2.5%) 3 (1.4%) 0.62  Fatigue (4), depression (2)
subacute cerebellitis (2)
Cytomegalovirus ~ PCR 4 (1.5%) 1(2.5%) 3 (1.4%) 0.62  Epilepsy (1) myopathy with
prominent fasciculations (1)
Herpes simplex PCR 2 (0.7%) 0 (0%) 1(0.5%) 0.66  Fatigue (1), epilepsy (1) A subacute relapse of
virus encephalitis (1)
Mumps virus IgM serology 1(0.4%) 0 (0%) 1(0.5%) 0.66  No sequelae recorded
Sandfly virus PCR, 1(0.4%) 0 (0%) 1(0.5%) 0.66  Neuropsychiatric
ELISA sequelae (1)
HIN1 PCR 1(0.4%) 0 (0%) 1(0.5%) 0.66  No sequelae recorded
Toxoplasmagondii  CSF, 1(0.4%) 0 (0%) 1(0.5%) 0.66  Cognitive deficit Hashimotothyroditis
PCR,
brain biopsy
Cryptococcus 1(0.4%) 0 (0%) 0 (0%) >0.99 HIV

an one patient, S. aureus was only suspected as it was not isolated from the CSF but only from blood and skin cultures.
bNone of the strains included in the mandatory vaccine received on the enlistment day were identified (A, C, Y, W135 strains).
PCR, polymerase chain reaction; G and C, gram stain and cultures; ELISA, enzyme-linked immunosorbent assay; EBV, Epstein-Barr virus; CMV, cytomegallo virus;, WNV, West Nile virus;

HSV, herpes simplex virus; SFV, sand-fly virus; SNHL, sensory neural hearing loss.
Analysis: Fisher’s exact test.

inflammatory bowel disease, lupus) were also identified as
predisposing factors.

DISCUSSION

The incidence of bacterial and aseptic MME was 2.17/100,000,
which is more than two times that of the general
population (1) (Supplementary Table1). MME incidence

was 13.3/100,000 in males and 9.3/100,000 in females.
Bacterial MME incidence was higher in males compared
to females in both combat and non-combat roles, possibly
due to lower hygiene among males (16), a difference
which is more pronounced in the combating units. lower
rates of hand washing, coupled with higher tendency to
infections (17, 18) may contribute to higher rates of MME in
non-combat units.
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TABLE 3 | Characteristics of combat vs. non-combat soldiers.

Criteria Total Combat soldiers Non-combat soldiers P
(n=273) (n = 40) (n=212)

Aseptic meningitis 212 (77.6%) 26 (65.0%) 170 (80.2%) 0.039
Bacterial meningitis 49 (17.9%) 14 (35.0%) 31 (14.6%) 0.002
Partially treated BM 10 (3.7%) 0 (0.0%) 10 (4.7%) 0.371
Meningoencephalitis 49 (17.9%) 13 (32.5%) 33 (15.6%) 0.023
Brain abscess 1(0.4%) 0 (0%) 1(0.5%) >0.999
Deceased 6 (2.2%) 5 (12.5%) 1(0.5%) 0.0004

Analysis: Fisher’s exact test. p < 0.05 are marked in bold.

Combat soldiers also presented with a more severe clinical
course and higher mortality rates compared to non-combat
soldiers (Table 3). According to the Israeli ministry of health,
bacterial meningitis incidence in the general population varied
between 0.65-1.6/100,00 during the years 2006-2018; thus,
bacterial meningitis was three times more common in soldiers
and 138 times more common in combat soldiers, compared to
the general population in these years.

A higher incidence of MME in military personnel has been
previously reported (6, 7, 19, 20), (Supplementary Table 1),
suggesting that the increase is not due solely to mandatory
reporting. Crowded conditions and poor hygiene, both more
common among combat soldiers, may contribute to higher
incidene (21, 22). Immune supression due to physical (23) and
mental stress (24-26), acompanied by sleep deprevation (27, 28),
are more severe among combat soldiers, making them prone to
MME. Indeed, morbidity and mortality were significantly higher
among combat soldiers in the present cohort, although time from
the symptom onset to emergency department admission was
the same.

Meningococcal disease was present in both combat and
non-combat soldiers in our cohort. Presentation of soldiers
with meningococcal disease was severe, with deterioration over
hours, and a dire prognosis. The rate of meningococcal disease
dropped following the introduction of the A, C, Y, and W135
vaccine in the IDF (29); however, there are still reported
cases of severe type B meningococcal disease. As mentioned
above, the one case of meningococci type C documented
after the introduction of routine vaccination occurred in
unvaccinated soldiers (Supplementary Figure 2). Vaccination
against meningococci type B is reported to be highly effective
in preventing outbreaks in universities (30), and simulated
models show that the vaccinations are cost-effective in cases of
college outbreak (31). Vaccination against type B meningococci
should be strongly considered in soldiers, particularly in combat
units. No outbreaks are reported in our cohort, supporting
the effectiveness of preventing measures applied immediately
following diagnosis of meningococcal disease.

S. aureus infection is relatively common in soldiers and is
more common among combat soldiers who tend to get skin
lacerations during training (32). Soft tissue and skin infections
in combat soldiers are highly contiguous and are a potential
source of an outbreak (33, 34). Three combat soldiers in our

cohort had S. aureus bacteremia, with seeding of the CNS and
meningoencephalitis in the context of an impetigo outbreak. The
three patients with meningoencephalitis deteriorated rapidly,
leading to their deaths. This severe prognosis is well-described
in S. aureus bacteremia in general. Furthermore, bacteremia may
lead to epidural abscesses, complicating diagnosis and treatment
(35-37). Our results support the need for early aggressive
treatment in skin infections, and evaluation for suspected abscess
in cases of refractory S. aureus infection.

Our study have several limitations. It is retrospective in
nature, and, therefore, duration of follow-up varied due to
differences in the periods of remaining service. Additionally,
most of the treatment and diagnostic procedures were conducted
in civilian hospitals, excluding only immediate emergency
treatment; thus, diagnostic and treatment protocols may be
somewhat different from patient to patient, complicating our
ability to draw conclusions.

The pathogen was not identified in 69% of patients in the
present cohort, compared to other MME cohorts reporting
unidentified pathogens in only 37-50% of cases (5, 38, 39).
We presume that, as the epidemiological officer was mainly
concerned with bacterial infections, follow-up with civilian
hospitals to pursue pathogen identification was lacking in cases
of aseptic meningitis, resulting in a lower identification rate.

Although diagnostic protocols may differ, all neurology
departments involved conducted basic diagnostic procedures
aimed at achieving microbiological identification and ruling
out non-infectious diagnoses, as can be seen in a previous
publication describing the experience of a single medical center
(9). Since the population studied is relatively uniform, and since
there is a mandatory inquiry following each MME case, biases
related to retrospective data collection and differential reporting
systems were minimized. Diagnostic procedures conducted
during hospitalization are relevant to the years of data collection
(2004-2015) and were the most updated standard of care in
these years. Newer diagnostic procedures that are used currently
may have aided in classification of more of the aseptic MME
cases had they been available. Identification of the cause of
encephalitis, and especially defining encephalitis as mediated by
an infectious agent, presents a diagnostic challenge. A report
of encephalitis etiology in the UK by Granerod et al. describes
an infectious etiology in 42% of cases, whereas, in 37% of
cases, no etiology was identified (38). A systemic review by the
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same group reports lack of identification of etiology in more
than 50% of encephalitis cases across different studies (39), and
the clinical resemblance of immune-mediated and infectious
encephalitis further complicates accurate estimation of infectious
encephalitis incidence (40). The cases defined as infectious
encephalitis in the present cohort may thus be an overestimation.
Diagnosis was further limited during the collection of the data
by the lack of tools that are currently in use for evaluation
of immunological etiologies. To minimize misdiagnosis, every
case in the present cohort was personally reviewed by both a
chief military neurologist and by the epidemiological registry to
ensure the best possibility of an accurate diagnosis. Changes in
definitions that are relevant to the study design may complicate
comparison between the epidemiological data acquired in the
present study and the literature. Evaluation for predisposing
factors was limited and was mainly performed in cases of
bacterial meningitis.

In conclusion, our results present an epidemiological study
of all MME cases in the IDF and an estimation of bacterial and
aseptic meningitis prevalence in young healthy adults living in
crowded conditions. Our results show that bacterial meningitis
is more common in soldiers, with a more severe clinical course
in combat soldiers. Our findings call for vaccination of this
population against type B meningococci. Further research on
preventive measures to reduce bacterial meningitis cases is
needed. Early intervention and close guidance of an expert
epidemiologist may help to prevent outbreaks in other similar
crowded accommodations, such as colleges.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

REFERENCES

1. Bijlsma MW, Brouwer MC, Kasanmoentalib ES, Kloek AT, Lucas M]J,
Tanck MW, et al. Community-acquired bacterial meningitis in adults in the
Netherlands, 2006-14: A prospective cohort study. Lancet Infect Dis. (2016)
16:339-47. doi: 10.1016/S1473-3099(15)00430-2

2. Thigpen MC, Whitney CG, Messonnier NE, Zell ER, Lynfield R,
Hadler JL, et al. Bacterial meningitis in the United States, 1998-
2007. N Engl ] Med. (2011) 364:2016-25. doi: 10.1056/NEJMoal0
05384

3. Kupila L, Vuorinen T, Vainionpdd R, Hukkanen V, Marttila RJ,
Kotilainen P. Etiology of aseptic meningitis and encephalitis in an adult
population. Neurology. (2006) 66:75-80. doi: 10.1212/01.wnl.0000191407.81
333.00

4. Putz K, Hayani K, Zar FA. Meningitis. Prim Care Clin Off Pract. (2013)
40:707-26. doi: 10.1016/j.pop.2013.06.001

5. McGill E Griffiths MJ, Bonnett L], Geretti AM, Micheal BD, Beeching NJ,
et al. Incidence, aetiology, and sequelae of viral meningitis in UK adults: A
multicentre prospective observational cohort study. Lancet Infect Dis. (2018)
18:992-1003. doi: 10.1016/S1473-3099(18)30245-7

6. Levine H, Mimouni D, Zurel-Farber A, Zahavi A, Molina-Hazan V, Bar-
Zeev Y, et al. Time trends of viral meningitis among young adults
in Israel: 1978-2012. Eur ] Clin Microbiol Infect Dis. (2014) 33:1149-
53. doi: 10.1007/s10096-014-2057-3

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the IDF Medical Corps Institutional Review Board
(1339-2014). Written informed consent for participation was not
required for this study in accordance with the national legislation
and the institutional requirements.

AUTHOR CONTRIBUTIONS

SG: writing—original draft, validation, formal analysis, and
visualization. YP and LF: investigation. HL: writing—review
and editing and investigation. SF and SK: writing—review
and editing. RE: data curation. TB-H: writing—review and
editing and funding acquisition. AH: conceptualization,
methodology, writing—review and editing, and supervision.
All authors contributed to the article and approved the
submitted version.

FUNDING

This study was supported by the Milgrom Family Fund (Grant
No. 8007511) to TB-H.

ACKNOWLEDGMENTS

We would like to thank Prof. Ran Nir-Paz, an infectious diseases
expert, for his critical review and editing.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2022.887677/full#supplementary-material

admitted to a
Mil Med. (2012)

7. Harrell T, Hammes JS. Meningitis
hospital: a retrospective case series.
6. doi: 10.7205/MILMED-D-12-00166

8. Lee SO, Ryu SH, Park SJ Ryu J, Woo JH, Kim YS. Meningococcal disease in
the republic of Korea army: incidence and serogroups determined by PCR. J
Korean Med Sci. (2003) 18:163-6. doi: 10.3346/jkms.2003.18.2.163

9. Pikkel YY, Ben-Hur T, Eliahou R, Honig A. Meningitis and
meningoencephalitis among Israel defense force soldiers: 20 years experience
at the hadassah medical centers. Isr Med Assoc J. (2015) 17:697-702.

10. Solomon T, Michael BD, Smith PE, Sanderson F, Davies NWS, Hart IJ, et al.
Management of suspected viral encephalitis in adults — association of british
neurologists and british infection association national guidelines. J Infect.
(2012) 64:347-73. doi: 10.1016/j.jinf.2011.11.014

11. van de Beek D, Cabellos C, Dzupova O, Esposito S, Klein M, Kloek AT, et
al. ESCMID guideline: diagnosis and treatment of acute bacterial meningitis.
Clin Microbiol Infect. (2016) 22:537-62. doi: 10.1016/j.cmi.2016.01.007

12. Blazer S, Berant M, Alon U. Bacterial meningitis. Effect of antibiotic
treatment on cerebrospinal fluid. Am ] Clin Pathol. (1983) 80:386-
7. doi: 10.1093/ajcp/80.3.386

13. Shukla B, Aguilera EA, Salazar L, Wootton SH, Kaewpoowat Q, Hasbun
R. Aseptic meningitis in adults and children: diagnostic and management
challenges. ] Clin Virol. (2017) 94:110-4. doi: 10.1016/j.jcv.2017.07.016

14. Tattevin P, Tchamgoué S, Belem A, Bénézit E, Pronier C, Revest M. Aseptic
meningitis. Rev Neurol. (2019) 175:475-80. doi: 10.1016/j.neurol.2019.07.005

military
177:1223-

Frontiers in Neurology | www.frontiersin.org

June 2022 | Volume 13 | Article 887677


https://www.frontiersin.org/articles/10.3389/fneur.2022.887677/full#supplementary-material
https://doi.org/10.1016/S1473-3099(15)00430-2
https://doi.org/10.1056/NEJMoa1005384
https://doi.org/10.1212/01.wnl.0000191407.81333.00
https://doi.org/10.1016/j.pop.2013.06.001
https://doi.org/10.1016/S1473-3099(18)30245-7
https://doi.org/10.1007/s10096-014-2057-3
https://doi.org/10.7205/MILMED-D-12-00166
https://doi.org/10.3346/jkms.2003.18.2.163
https://doi.org/10.1016/j.jinf.2011.11.014
https://doi.org/10.1016/j.cmi.2016.01.007
https://doi.org/10.1093/ajcp/80.3.386
https://doi.org/10.1016/j.jcv.2017.07.016
https://doi.org/10.1016/j.neurol.2019.07.005
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Gofrit et al.

Meningitis in the Israel Defense Forces

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

von Elm E, Altman D, Egger M, Pocock S, Gotzsche P, Vandenbroucke J.
The strengthening the reporting of observational studies in epidemiology
(STROBE) statement: guidelines for reporting observational studies. (2019).
Anderson JL, Warren CA, Perez E, Louis R, Phillips S, Wheeler J, et al. Gender
and ethnic differences in hand hygiene practices among college students. Am
] Infect Control. (2008) 36:361-8. doi: 10.1016/j.ajic.2007.09.007

vom Steeg LG, Klein SL. SeXX matters in infectious disease pathogenesis. PLoS
Pathog. (2016) 12:e1005374. doi: 10.1371/journal.ppat.1005374
Mauvais-Jarvis F, Bairey Merz N, Barnes PJ, Brinton RD, Carrero J-J, DeMeo
DL, et al. Sex and gender: modifiers of health, disease, and medicine. Lancet.
(2020) 396:565-82. doi: 10.1016/S0140-6736(20)31561-0

Armed Forces Health Surveillance C. Viral meningitis, active and reserve
components, U.S. Armed Forces, 2002-2011. MSMR. (2012) 19:2-6.

Grotto I, Block C, Lerman Y, Wiener M, Ashkenazi S. Meningococcal disease
in the Israel Defense Force: Epidemiologic trends and new challenges. Isr J
Med Sci. (1995) 31:54-8.

Park JY, Kim BJ, Lee EJ, Park KS, Park HS, Jung SS, Kim JO. Clinical
features and courses of adenovirus pneumonia in healthy young adults
during an outbreak among Korean military personnel. PLoS ONE. (2017)
12:€0170592. doi: 10.1371/journal.pone.0170592

Neo FJX, Loh JJP, Ting P, Yeo WX, Gao CQH, Lee VJM, et al. Outbreak
of caliciviruses in the Singapore military, 2015. BMC Infect Dis. (2017)
17:719. doi: 10.1186/s12879-017-2821-y

Gleeson M. Immune system adaptation in elite athletes. Curr Opin Clin Nutr
Metab Care. (2006) 9:659-65. doi: 10.1097/01.mc0.0000247476.02650.18
Esposito P, Gheorghe D, Kandere K, Pang X, Connolly R, Jacobson
S, et al. Acute stress increases permeability of the blood-brain-barrier
through activation of brain mast cells. Brain Res. (2001) 888:117-
27. doi: 10.1016/S0006-8993(00)03026-2

Menard C, Pfau ML, Hodes GE, Kana V, Wang VX, Bouchard S, et al. Social
stress induces neurovascular pathology promoting depression. Nat Neurosci.
(2017) 20:1752-60. doi: 10.1038/s41593-017-0010-3

Segerstrom SC, Miller GE. Psychological stress and the human immune
system: a meta-analytic study of 30 years of inquiry. Psychol Bull. (2004)
130:601-30. doi: 10.1037/0033-2909.130.4.601

Besedovsky L, Lange T, Born J. Sleep and immune function. Pflugers Arch Eur
J Physiol. (2012) 463:121-37. doi: 10.1007/s00424-011-1044-0

Tan H-L, Kheirandish-Gozal L, Gozal D. “Sleep, Sleep Disorders, and Immune
Function,” in Allergy and Sleep. Cham: Springer International Publishing.
p. 3-15.

Mimouni D, Bar-Zeev Y, Huerta M, Balicer RD, Grotto I, Ankol O. Preventive
effect of meningococcal vaccination in Israeli military recruits. Am J Infect
Control. (2010) 38:56-8. doi: 10.1016/j.ajic.2009.04.290

Banzhoff A. Multicomponent meningococcal B vaccination (4CMenB) of
adolescents and college students in the United States. Ther Adv Vaccines.
(2017) 5:3-14. doi: 10.1177/2051013616681365

Chung GS, Hutton DW. Epidemiological impact and cost-effectiveness of
universal meningitis b vaccination among college students prior to college
entry. PLoS ONE. (2020) 15:0239926. doi: 10.1371/journal.pone.0239926

32. Levine H, Kayouf R, Rozhavski V, Sela T, Rajuan-Galor I, Ferber
AT, et al. Neglect of skin wounds and the risk of becoming a
Staphylococcus aureus nasal carrier: a cohort study. BMC Public Health.
(2015) 15:749. doi: 10.1186/s12889-015-2104-8

33. Lamb L, Morgan M. Skin and soft tissue infections in the military. ] R Army
Med Corps. (2013) 159:215-23. doi: 10.1136/jramc-2013-000134

34. Lejbkowicz F, Samet L, Belavsky L, Bitterman-Deutsch O. Impetigo in
soldiers after hand-to-hand combat training. Mil Med. (2005) 170:972-
4. doi: 10.7205/MILMED.170.11.972

35. Davis LE. Acute bacterial meningitis. Contin Lifelong Learn Neurol. (2018)
24:1264-83. doi: 10.1212/CON.0000000000000660

36. Aguilar J, Urday-Cornejo V, Donabedian S, Perri M, Tibbetts R, Zervos M.
Staphylococcus aureus meningitis case series and literature review. Medicine.
(2010) 89:117-25. doi: 10.1097/MD.0b013e3181d5453d

37. Honig A, Or O, Barzilay Y, Fraifeld S, Pikkel YY, Eliahou R, et al.
Spinal epidural abscess with a rapid course in young healthy infantry
recruits with multiple skin lacerations. J Clin Neurosci. (2016) 31:127-
32. doi: 10.1016/j.jocn.2016.02.018

38. Granerod J, Ambrose HE, Davies NWS, Clewley JP, Walsh AL, Morgan
D, et al. Causes of encephalitis and differences in their clinical
presentations in England: a multicentre, population-based prospective
study. Lancet Infect Dis. (2010) 10:835-44. doi: 10.1016/51473-3099(10)
70222-X

39. Granerod J, Tam CC, Crowcroft NS, Davies NWS, Borchert M,
Thomas SL. Challenge of the unknown: a systematic review of
acute encephalitis in non-outbreak situations. Neurology. (2010)
75:924-32. doi: 10.1212/WNL.0b013e3181f11d65

40. Boucher A, Herrmann JL, Morand P, Buzelé R, Crabol Y, Stahl JP, et al.
Epidemiology of infectious encephalitis causes in 2016. Médecine Mal Infect.
(2017) 47:221-35. doi: 10.1016/j.medmal.2017.02.003

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Gofrit, Pikkel, Levine, Fraifeld, Kahana Merhavi, Friedensohn,
Eliahou, Ben-Hur and Honig. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and
the copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Neurology | www.frontiersin.org

June 2022 | Volume 13 | Article 887677


https://doi.org/10.1016/j.ajic.2007.09.007
https://doi.org/10.1371/journal.ppat.1005374
https://doi.org/10.1016/S0140-6736(20)31561-0
https://doi.org/10.1371/journal.pone.0170592
https://doi.org/10.1186/s12879-017-2821-y
https://doi.org/10.1097/01.mco.0000247476.02650.18
https://doi.org/10.1016/S0006-8993(00)03026-2
https://doi.org/10.1038/s41593-017-0010-3
https://doi.org/10.1037/0033-2909.130.4.601
https://doi.org/10.1007/s00424-011-1044-0
https://doi.org/10.1016/j.ajic.2009.04.290
https://doi.org/10.1177/2051013616681365
https://doi.org/10.1371/journal.pone.0239926
https://doi.org/10.1186/s12889-015-2104-8
https://doi.org/10.1136/jramc-2013-000134
https://doi.org/10.7205/MILMED.170.11.972
https://doi.org/10.1212/CON.0000000000000660
https://doi.org/10.1097/MD.0b013e3181d5453d
https://doi.org/10.1016/j.jocn.2016.02.018
https://doi.org/10.1016/S1473-3099(10)70222-X
https://doi.org/10.1212/WNL.0b013e3181f11d65
https://doi.org/10.1016/j.medmal.2017.02.003
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Characterization of Meningitis and Meningoencephalitis in the Israeli Defense Forces From 2004 to 2015: A Population-Based Study
	Introduction
	METHODS
	Subjects
	Definitions of MME
	Clinical Data
	Predisposing Factors
	Microbiological Methods
	Ethical Considerations
	Statistical Analysis

	Results
	Demographics
	Sex Differences

	Presentation
	Pathogens and Sequelae
	Bacterial Pathogens
	Viral Pathogens
	Fungal and Parasitic Pathogens

	Mortality and Complications
	Predisposing Factors

	DISCUSSION
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


