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Background: Meningitis and meningoencephalitis pose major 
risks of morbidity and mortality.
Objectives: To describe 20 years of experience treating 
infections of the central nervous system in Israel Defense Force 
(IDF) soldiers, including the common presentations, pathogens 
and sequelae, and to identify risk groups among soldiers.
methods: All soldiers who were admitted to the Hadassah 
University Medical Center (both campuses: Ein Kerem and Mt. 
Scopus) due to meningitis and meningoencephalitis from January 
1993 to January 2014 were included in this retrospective study. 
Clinical, laboratory and radiologic data were reviewed from their 
hospital and army medical corps files. Attention was given to 
patients’ military job description, i.e., combat vs. non-combat 
soldier, soldiers in training, and medical personnel.
results: We identified 97 cases of suspected meningitis or 
meningoencephalitis. Six were mistakenly filed and these 
patients were found to have other disorders. Four soldiers 
were diagnosed with epidural abscess and five with meningitis 
due to non-infectious inflammatory diseases. Eighty-two 
soldiers in active and reserve duty had infectious meningitis 
or meningoencephalitis. Of these, 46 (56.1%) were combat 
soldiers and 31 (37.8%) non-combat; 20 (29.2%) were soldiers 
in training, 10 (12.2%) were training staff and 8 (9.8%) were 
medical staff. The main pathogens were enteroviruses, Epstein-
Barr virus and Neisseria meningitidis.
conclusions: In our series, soldiers in training, combat soldiers 
and medical personnel had meningitis and meningoencephalitis 
more than other soldiers. Enteroviruses are highly infectious 
pathogens and can cause outbreaks. N. meningitidis among 
IDF soldiers is still a concern. Early and aggressive treatment 
with steroids should be considered especially in robust menin- 
goencephalitis cases.
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m eningitis and meningoencephalitis pose major risks 
of morbidity and mortality. In the general population 

the risk of meningitis has been estimated at 2.5 per 100,000 
patient-years [1] and the risk of meningoencephalitis at 3.5-7.4 
per 100,000 patient-years [2]. Mortality rates are estimated at 
3–20% for meningitis and up to 20–30% for encephalitis [1,2]. 
Morbidity and mortality rates vary markedly and depend on 
the age of the patient, cause of the disease, site of infection, and 
time from detection to treatment [1]. Meningoencephalitis is 
an extension of the inflammatory process from the meninges 
to the brain parenchyma. 

Armed forces personnel represent a unique group that 
may exhibit different clinical and epidemiological features of 
meningitis and meningoencephalitis, and this may affect also 
the morbidity and mortality in patients with these infections. 
Several studies have shown an increased risk of meningitis 
and meningoencephalitis among soldiers in different parts of 
the world [3-5]. The overpopulated training bases can con-
tribute to high transmission especially in soldiers experienc-
ing new physiological adaptation process and mental distress. 
The motivation of recruits to military duty might affect the 
frequency and urgency of their seeking a physician. Over-
motivated soldiers might postpone a visit to a physician until 
their condition rapidly declines, whereas under-motivated 
soldiers might seek a physician so frequently that complaints 
will be overlooked until they are overtly sick. Medical service 
in the armed forces also differs by the greater ratio of physi-
cians relative to the population and the more comprehensive 
responsibility of the physicians for the soldiers’ health.

Two major studies of infections of the central nervous system 
among Israel Defense Force (IDF) soldiers were conducted. The 
first, in 1995, presented findings of bacterial meningitis during 
1975–1993 [6]. Grotto et al. [6] reported a major decrease in 
meningococcal meningitis cases after the introduction of the 
Neisseria meningitidis vaccine, and reviewed the major causes 
of infection. The second article, by Levine et al. in 2014 [7], 
reported the incidence rate of viral meningitis, seasonal varia-
tions and major viral pathogens. Therefore, in the present study 
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we sought to analyze retrospectively the clinical and epidemio-
logic features of 82 soldiers admitted to our medical center with 
meningitis or meningoencephalitis due to any cause during the 
last 20 years. The unique features of this group highlight the 
many pitfalls (e.g., it may be falsely disregarded as simple head-
ache, dehydration or enterocolitis) in the diagnosis and care of 
this seemingly healthy population, and allow us to shed light 
from the perspective of the hospital treating physician. Closer 
acquaintance with these pitfalls may improve the early identifi-
cation and treatment of these urgent medical conditions. 

Patients anD metHODs

We reviewed the clinical records of all soldiers who were 
admitted due to meningitis and meningoencephalitis to the 
Hadassah University Medical Center (both campuses: Ein 
Kerem and Mount Scopus) from January 1993 to January 2014. 
Both the hospital files and pre- and post-hospitalization medi-
cal files of the IDF Medical Corps were reviewed.

Data were extracted regarding presenting symptoms, time 
from first symptom to arrival to the hospital, and neurological 
examinations upon arrival to the hospital. Laboratory results 
including cerebrospinal fluid (CSF) and blood biochemistry 
were also recorded. Patients’ medical records were reviewed 
until January 2014 in order to fully assess and ascertain delayed 
sequelae, as well as identify cases with non-infectious inflam-
matory diseases presenting as meningitis or meningoencepha-
litis. 

Special attention was given to patients’ army job descrip-
tion, i.e., combat soldiers vs. non-combat soldiers, soldiers in 
training, and medical personnel. Sequelae were recorded until 
the end of the study period. 

Meningitis was diagnosed if there was a combination of 
meningeal irritation symptoms and signs and the presence of 
more than 5 white blood cells in CSF obtained by lumbar punc-
ture (LP). Exclusion criteria included malignancies, various 
inflammatory conditions (e.g., acute disseminated encepha-
lomyelitis, ADEM), sarcoidosis, and infections secondary to 
procedures. Meningoencephalitis was defined as any brain 
parenchymal involvement (e.g., seizures), behavioral change, 
confusion, dysphasia and other cortical deficits, with signs of 
meningeal irritation.

The microbiological protocol used in our cohort was 
changed from time to time by the Microbiology Unit at the 
two Hadassah hospitals. The following tests have always been 
performed on a routine basis: rapid gram stain, methylene blue 
stain, thioglycollate, tryptic soy broth, chocolate agar, blood 
agar and MacConkey agar medium cultures. In cases of low 
glucose in the CSF, the “indian ink” and acid-fast tests were per-
formed on CSF samples in search of Cryptococcus or other fun-
gal causes and tuberculous meningitis respectively. In the past 
4 years, in cases of high clinical suspicion, RNA polymerase 

chain reaction (PCR) test was conducted to look for bacterial 
RNA. In almost every case, herpes simplex virus (HSV) and 
enterovirus were tested by PCR in the CSF. Cytomegalovirus 
(CMV) and Epstein-Barr virus (EBV) and varicella zoster virus 
(VZV) were tested by PCR in the CSF upon request. In the 
past 6 years, in cases of suspected West Nile virus (WNV) or 
sand fly virus (SFV), blood and CSF samples were sent to the 
zoonotic laboratory of the Central Virology Laboratories at 
Sheba Medical Center, Tel Hashomer. The diagnosis of WNV 
and SFV is made according to the standardized criterion of the 
zoonotic laboratory by either specific serologic enzyme-linked 
immunosorbent assay (ELISA) results or a positive PCR from 
the CSF fluid. 

Subgroups were compared using the chi-square test or 
Fisher’s exact test. Statistical significance was defined as P 
< 0.05. The study was approved by the IDF Medical Corps 
Institutional Review Board.

results

We identified 97 cases of suspected meningitis and meningoen-
cephalitis. Of them, six were mistakenly filed and these patients 
were found to have other diseases. Nine additional soldiers were 
excluded from the statistical analysis since alternative conditions 
caused the signs of meningitis/meningoencephalitis: three were 
diagnosed with spinal epidural abscess, two with cerebellitis, 
one with subdural empyema, one had meningitis secondary to a 
meningioma resection, one was diagnosed with ADEM and one 
was eventually diagnosed with sarcoidosis. Eighty-two soldiers 
on active and reserve duty were found to have meningitis or 
meningoencephalitis due to infectious causes.

DemOgraPHics anD armY service

Sixty-eight soldiers (82.9%) were men and 14 (17.1%) were 
women. The mean age was 22 years and the median age 20. 
Five (6.1%) were on reserve duty and 77 (93.9%) on active duty. 
The median time in service was 19 months and the mean time 
41 months. Forty-six soldiers (56.1%) were combat soldiers and 
31 (37.8%) non-combat; for 5 soldiers the type of service could 
not be established. Twenty (23.8%) were soldiers in training, 
10 (12.2%) were staff in training camps or in basic training, 
and 8 (9.5%) were medical staff (doctors, nurses, paramed-
ics, emergency medical technician). With regard to the IDF 
population, the data from our cohort suggest presumable over-
representation of trainees (36% of the entire population) and 
their staff. Figure 1 shows the job descriptions of the soldiers.

Presenting sYmPtOms, PatHOgens anD seasOnalitY

The mean time from the first symptom, which was usually 
headache, fever or vomiting, to evacuation to the hospital 
was 6.3 days, and the median time was 4 days. Seventy-eight 
patients (95%) had headaches and 73 (82%) fever. Forty-two 
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pathogens – Cryptoccocus, Acinetobacter (sensitive to colistin 
and minocycline) and Pseudomonas aeruginosa (sensitive to 
ciprofloxacin and gentamicin), all isolated from CSF taken 
in LP or from a shunt. This is probably a representation of a 
postoperative nosocomial infection rather than a community 
acquired infection.

severe mOrBiDitY, mOrtalitY anD sequelae

Increased ICP was the major and imminent danger dur-
ing the first days of hospitalization. Almost all patients had 
elevated CSF opening pressure especially in the bacterial 
cases. One patient developed rapid increase in ICP due to 
fulminant brain edema, which was localized mostly in the 
posterior fossa and led to tonsillar herniation and death. 
Another soldier complained of sudden headaches on the 
6th day of his hospitalization and his examination revealed 
florid papilledema and bilateral abducens nerve palsy. This 
patient, as well as 14 other soldiers, was treated with intra-
venous dexamethasone to reduce clinical and radiologic 
evidence of brain edema. One patient was treated also with 
acetazolamide for that purpose. In two cases reduced con-
sciousness and respiratory distress necessitated intubation 
and mechanical ventilation, one of which was complicated 
by ventilation-associated pneumonia.

Fourteen patients had sequelae as a result of their illness. 
Four developed ataxia, two of them after EBV infection, fur-
ther highlighting the long recovery from this pathogen. Three 
patients were deemed epileptic and two were diagnosed with 
residual migraines. One patient developed schizophrenia 
after SFV meningoencephalitis. This observation correlates 
with the hypothesis that encephalitis generates a risk for 
the development of schizophrenia [8]. It was suggested that 
in a subgroup of affective and schizophrenic disorders the 
underlying cause and main mechanism of the disease is a low 
level neuroinflammation. One patient had fixed visual spatial 
impairment. Five patients developed a cognitive impairment, 
and three of them were diagnosed with N. meningitidis. The 
cognitive deficits in all patients with N. meningitidis infection 
were short-term memory loss, reduced attention span and 
defective executive function. Despite neurocognitive rehabili-
tation, the soldiers did not return to their pre-morbid state 
during follow-up. The full list of pathogens and their major 
sequelae are presented in Table 1.

DiscussiOn

The armed forces population is a generally healthy popula-
tion that is screened for previous illness but has unique fea-
tures. There are disproportionally more males. Soldiers are 
faced with an accelerated adaptation process to military life 
in the first months of service. This adaptation is characterized 
by a marked increase in physical activity and stress. Living 

(51%) experienced vomiting and 35 (42%) had photophobia. 
The peak incidence rates of meningitis and meningoencepha-
litis were found for the period May to September, with another 
small peak in February [Figure 2].

A pathogen was identified in 36 patients (43.9%). Of these, 
13 had an enterovirus infection. High transmissibility of 
enterovirus is evident by the fact that five cases occurred in 
soldiers in training or basic training, where poor sanitation and 
close contact of soldiers can amplify the transmissibility of the 
virus. Six EBV cases were identified. In three of these cases, 
LP was performed several months later and still showed white 
blood cells (WBC) in CSF, thus implying a long-term disease. 
Three were diagnosed with N. meningitidis and they all had a 
rapid course including high fever and headache, and critical 
illness, presenting to the Emergency Department (ED) within 
1 day of symptom onset, with elevated intracranial pressure 
(ICP) in imaging studies. The cases of N. meningitidis were all 
detected after 1995, the year that N. meningitidis vaccination 
was implemented in the IDF. Eleven were diagnosed with other 
pathogens. One head trauma patient was infected with three 

Combat 
soldiers

Figure 1. Job descriptions of soldiers diagnosed with meningitis and 
meningoencephalitis (soldiers may be included in more than one 
group, or not at all)
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from the systemic illness may cause a delay in diagnosis. Better 
acquaintance with this phenomenon is necessary to achieve the 
correct diagnosis. 

The peak incidence of infection was found in the period 
May to September, with another small peak in February. This 
reflects the predominance of viral infections, similar to that 
reported by Levine et al. [7] and contrasts with findings of an 
earlier study conducted in Israel which showed a peak inci-
dence from December to March and an additional peak in the 
summer [6]. According to that study most infections occurred 
during the first 6 months of army conscription.

WNV can cause severe motor sequelae, including delayed 
asymmetric flaccid paralysis that may not resolve. Soldiers are 
exposed to WNV during long outdoor training periods [12].

In our series three cases of bacterial meningitis were due 
to N. meningitidis, despite the vaccination for N. meningitidis 
administered since 1995. The strains isolated were not included 
in the vaccine routinely administered. Although vaccination of 
IDF soldiers [13] was proven effective in reducing rates of N. 
meningitidis, this pathogen remains a significant risk, especially 
due to its neurocognitive sequelae.

risK FactOrs

In our series, patients were more likely to be combat soldiers 
than non-combat soldiers. This parallels the greater incidence 
among soldiers than in the civilian population. Also, 29.2% 
of the affected soldiers were in training. Although we do not 
have the exact numbers of soldiers in training, this figure is 
probably more than their proportion among IDF soldiers. 

There are several explanations for the observation that 
soldiers in training and combat soldiers were frequently repre-
sented in our cohort. First, exposure to potential pathogens at 
army bases is expectedly higher than for non-combat soldiers 
who frequently stay at their home overnight during their ser-
vice. Second, sanitation is usually not as good at training bases 
as in other military facilities. Third, these groups of soldiers 
are exposed to more stress than are other soldiers. Their sleep-
ing is deprived and rapid physical adaptation to military life is 
demanding. Decreased sleeping hours is known to compromise 
the immune system and has been shown as a risk factor for 
breast cancer [14] and an immunosuppression-like state [15]. 
Staff in training camps are also at high risk for infections due 
to their contact with soldiers in training. 

The presumably high representation of infected training staff 
(12.1% in our sample) and medical staff (9.8%) in our cohort 
suggests that this population also warrants special attention. 
The elevated frequency may be explained by their exposure to 
similar environmental hazards as well as to the sick population.

Head trauma is an important risk factor for meningitis and 
meningoencephalitis in combat soldiers. One soldier in our 
sample exemplified this danger. The soldier had a traumatic 
brain injury and was co-contaminated with Cryptococcus, 

conditions, including sanitation and crowding, differ from 
civilian life. A number of studies have established a higher 
prevalence of meningitis in armed force personnel [4,5]. The 
prevalence of viral meningitis in the U.S. Armed Forces was 
found to be 18.1 per 100,000 patient-years [3].

Several conditions might present with a meningitis/
meningoencephalitis-like disease. In this series we encoun-
tered cases of epidural and brain abscess, sarcoidosis and 
ADEM. Proper clinical evaluation, quick and relevant imag-
ing studies, and laboratory workup can help distinguish life-
threatening conditions and guide the correct therapy. 

etiOlOgY

Similar to studies in the U.S. military, we found viral infec-
tions of meningitis and meningoencephalitis to be more 
common than bacterial infections. Other U.S. data showed 
incidence rates for viral and bacterial meningitis at 11 and 1.4 
for 100,000 person years, respectively [1,9,10].

Enteroviruses, EBV and local arboviruses (WNV and SFV) 
are the most important viral causes of meningitis and meningo-
encephalitis. Enteroviruses are highly infectious and are known 
to cause outbreaks of meningitis and meningoencephalitis [11]. 
Armed forces are susceptible for outbreaks due to improper 
sanitation conditions and close contact of a crowded popula-
tion, and some of the cases in our cohort were infected dur-
ing such outbreaks. Of 13 patients who were diagnosed with 
enterovirus infection in the current cohort, 3 arrived at the hos-
pital after one week of symptoms and 2 arrived after 3 weeks. 
The tendency of enteroviral meningitis to appear after recovery 

table 1. Identified pathogens and notable sequelae

sequelae
no. of patients 
with sequelae

no. of 
infections Pathogen

Migraines 3 13 Enterovirus

Ataxia 2 6 EBV

None 0 2 VZV

None 0 1 HSV

Psychosis 1 1 Sand fly virus

Asymmetric flaccid paralysis 1 1 West Nile virus

Cognitive impairment 3 3 N. meningitidis

Cognitive impairment and 
motor disorder

1 2 M. pneumonia

Epilepsy 1 1 S. milleri

None 0 1 D. pneumosites

None 0 1 S. pneumoniae

Spasticity and cognitive 
impairment

1 1 Co-infection

Epilepsy, migraines, visual 
spatial disturbance

4 49 No pathogen 
identified

EBV = Epstein-Barr virus, VZV = varicella zoster virus, HSV = herpes 
simplex virus, WNV = West Nile virus
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soldiers, soldiers in training and medical staff. Less crowding 
and improved accessibility to health services may lead to a 
decline in morbidity. It is important to be aware of the local 
pathogens and sensitivity patterns [24]. N. meningitidis is still 
a threat to IDF soldiers. Caregivers should not rule out the 
diagnosis of N. meningitidis even if a vaccine was previously 
administered. Special attention should be given to a soldier dur-
ing the first year of service who had experienced a few days of 
unexplained fever or a new complaint of fever and headaches 
a few days after an abdominal pain or other systemic illness.
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Acinetobacter and Pseudomonas aeruginosa. Studies in the 
U.S. showed that 9.1–24.8% of combat soldiers who were 
diagnosed with infectious meningitis had experienced head 
trauma [16,17]. The main pathogen in head trauma-associated 
meningitis was multidrug-resistant Acinetobacter. 

sequelae

Studies suggest that more than 40% of patients who had acute 
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virus (HSV) 1 and 2, other herpes viruses and WNV [19,20]. 

The leading sequel of meningitis and meningoencephalitis 
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posterior fossa edema. Subtle/early signs of increased ICP 
should be actively sought. For cases where early steroid 
administration is not effective in decreasing ICP, urgent pos-
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The low mortality rate reported here may be explained by 
several factors. First, treatment in hospitals has become more 
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Original articles

702 

IMAJ • VOL 17 • nOVeMber 2015

21. Mailles A, De Broucker T, Costanzo P, et al. Long-term outcome of patients 
presenting with acute infectious encephalitis of various causes in France. Clin Infect 
Dis 2012; 54: 1455-64.

22. Tunkel AR. Bacterial Meningitis. Philadelphia: Lippincott Williams & Wilkins, 
2001.

23. Watemberg N, Sarouk I, Fainmesser P. Acute meningitis among infants and 
toddlers with febrile seizures: time for a reappraisal of the value of a lumbar 
puncture. IMAJ 2012; 14 (9): 547-9. 

24. Waisbourd-Zinman O, Bilavsky E, Tirosh N, Samra Z, Amir J. Penicillin and 
ceftriaxone susceptibility of Streptococcus pneumoniae isolated from cerebro- 
spinal fluid of children with meningitis hospitalized in a tertiary hospital in Israel. 
IMAJ 2010; 12 (4): 225-8. 

17. Weisbrod AB, Rodriguez C, Bell R, et al. Long-term outcomes of combat casualties 
sustaining penetrating traumatic brain injury. J Trauma Acute Care Surg 2012; 73 
(6): 1525-30.

18. Wan C. Viral Meningitis. In: Roos KL, ed. Medscape [internet]; [updated 
29.03.2011, cited 08.03.2013]. available from: http://emedicine.medscape.com/
article/1168529-overview#a0156.

19. Murray KO, Garcia MN, Rahbar MH, et al. Survival analysis, long-term outcomes, 
and percentage of recovery up to 8 years post-infection among the Houston West 
Nile virus cohort. PLoS One 2014; 9:e102953. doi: 10.1371/journal.pone.0102953.

20. Moon SM, Kim T, Lee EM, Kang JK, Lee SA, Choi SH. Comparison of clinical 
manifestations, outcomes and cerebrospinal fluid findings between herpes simplex 
type 1 and type 2 central nervous system infections in adults. J Med Virol 2014; 86: 
1766-71. doi: 10.1002/jmv.23999.

Dying cells initiate adaptive immunity by providing both 
antigens and inflammatory stimuli for dendritic cells, which in  
turn activate CD8+ T cells through a process called antigen 
cross-priming. To define how different forms of programmed cell  
death influence immunity, Yatim et al. established models of 
necroptosis and apoptosis, in which dying cells are generated 
by receptor-interacting protein kinase-3 and caspase-8 dim-
erization, respectively. The authors found that the release of 
inflammatory mediators, such as damage-associated molecular 
patterns, by dying cells was not sufficient for CD8+ T cell 

cross-priming. Instead, robust cross-priming required receptor-
interacting protein kinase-1 (RIPK1) signaling and nuclear 
factor κB (NF-κB)-induced transcription within dying cells. 
Decoupling NF-κB signaling from necroptosis or inflammatory 
apoptosis reduced priming efficiency and tumor immunity. 
These results reveal that coordinated inflammatory and 
cell death signaling pathways within dying cells orchestrate 
adaptive immunity. 

Science 2015; 350: 328
Eitan Israeli

capsule

riPK1 and nF-κB signaling in dying cells determines cross-priming of cD8+t cells

Central to adaptive immunity is the interaction between the 
αβ T cell receptor (TCR) and peptide presented by the major 
histocompatibility complex (MHC) molecule. Presumably reflecting 
TCR-MHC bias and T cell signaling constraints, the TCR universally 
adopts a canonical polarity atop the MHC. Beringer et al. report 
the structures of two TCRs, derived from human induced T 
regulatory (iTreg) cells, complexed to an MHC class II molecule 
presenting a proinsulin-derived peptide. The ternary complexes 
revealed a 180° polarity reversal compared to all other TCR-

peptide-MHC complex structures. Namely, the iTreg TCR α-chain 
and β-chain are overlaid with the α-chain and β-chain of MHC 
class II, respectively. Nevertheless, this TCR interaction elicited 
a peptide-reactive, MHC-restricted T cell signal. Thus TCRs are 
not ‘hardwired’ to interact with MHC molecules in a stereotypic 
manner to elicit a T cell signal, a finding that fundamentally 
challenges our understanding of TCR recognition. 
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t cell receptor reversed polarity recognition of a self-antigen major histocompatibility complex

The smooth muscle cells in aortas are connected to the extra- 
cellular matrix. Mutations in components of the extracellular 
matrix, such as fibulin-4, can lead to the enlargement of the aortic 
lumen, otherwise known as an aneurysm. Yamashiro and co-
authors found that mice lacking fibulin-4 in smooth muscle cells  
had disrupted connections with the extracellular matrix. The mice  

also had abnormal increases in mechanosensitive proteins and  
enhanced activity of an actin cytoskeleton-remodeling enzyme 
called cofilin. Inhibiting the activity of cofilin or its upstream acti- 
vators could therefore prevent the development of aneurysms. 
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stopping aneurysms before they start




