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Abstract
Diagnosis of a patient with aseptic meningitis may be so-difficult because of the large varie-
ty of potential etiologic agents as viruses, fungi, parasites and some drugs and the overlap be-
tween self-limited viral illnesses and potentially fatal bacterial infections.
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Introduction

The term aseptic meningitis refers to pa-
tients who have clinical and laboratory evi-
dence for meningeal inflammation with neg-
ative routine bacterial cultures, commonest
is enterovirus (Parasuraman et al, 2001).
Additional etiologies include other infec-
tions, (mycobacteria, fungi, spirochet- es,
and/or parasites), parameningeal infections,
medications, and malignancy (Connolly and
Hammer, 1990). Aseptic meningitis often
has a similar presentation to bacterial men-
ingitis (e.g., fever, headache, altered mental
status, stiff neck, photophobia), which can
be a life-threatening illness. But, in contrast
to bacterial meningitis (Glimaker et al,
2016), the majority of patients with aseptic
meningitis have a self-limited course that
will resolve without specific therapy.
Review, Discussion and Comments

The assessment of patients with probable
aseptic meningitis is complicated by the
large number of potential etiologic agents
and the relatively limited diagnostic tools for
identifying specific pathogens. Patients with
bacterial meningitis are usually quite ill and
often present soon after symptom onset. The
median duration of symptoms before admis-
sion was only 24 hours; ranged one hour to
14 days (de Gans and van de Beek, 2002).
The classic triad of acute bacterial meningi-
tis consists of fever, nuchal rigidity, and a
change in mental status, although an appre-
ciable number of patients do not have all
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three features (Durand er al, 1993). Most
patients have high fevers, often greater than
38°C (Aronin et al, 1998), but a small per-
centage has hypothermia, but almost none
has a normal temperature (Domingo et al,
1988). Headache is also common. The head-
ache is typically described as severe and
generalized. It is not easily confused with a
normal headache. The following findings at
presentation and during hospitalization were
noted in a review of 279 episodes of com-
munity-acquired meningitis. The frequency
of headache was not noted. Fever was pre-
sent in 95 percent at presentation and devel-
oped in another four percent within the first
24 hours. Among survivors in whom such
data were available, 19% had fever for ten or
more consecutive days, but most had other
possible causes of continued fever. Patients
with no identifiable source of fever other
than meningitis had an average of four con-
secutive days of fever (range 0 to 14 days).
Nuchal rigidity was present in 88% on initial
examination, and persisted for more than
seven days in some patients despite overall
improvement. Mental status was altered in
78%. Most were confused or lethargic, but
22% were responsive only to pain and six%
were unresponsive to all stimuli. The Herp-
es simplex virus type 1 (HSV-1) that caused
encephalitis was commonest cause of spo-
radic fatal encephalitis worldwide. The clin-
ical syndrome is often characterized by the
rapid onset of fever, headache, seizures, fo-



cal neurologic signs, and impaired con-
sciousness. HSV-1 encephalitis is a devas-
tating disease with significant morbidity and
mortality, despite available antiviral therapy
(Whitley and Kimberlin, 2005).

Meningitis versus Encephalitis: Presence
or absence of normal brain function is the
important distinguishing feature between
encephalitis and meningitis. Patients with
meningitis may be uncomfortable, lethargic,
or distracted by headache, but their cerebral
function remains normal. In encephalitis,
however, abnormalities in brain function are
common, including altered mental status,
motor or sensory deficits, altered behavior
and personality changes, and speech or
movement disorders. Seizures and postictal
states can be seen with meningitis alone and
should not be construed as definitive evi-
dence of encephalitis. Other neurologic
manifestations include hemiparesis, flaccid
paralysis, and paresthesias. However, the
distinction between the two entities is fre-
quently blurred since some patients may
have both a parenchymal and meningeal
process with clinical features of both. The
patient is usually labeled as having meningi-
tis or encephalitis based upon which features
predominate in the illness although menin-
goencephalitis is also a common term that
recognizes the overlap.

Generally, viral infections of the central
nervous system (CNS) result in the clinical
syndromes of aseptic meningitis or encepha-
litis (Connolly and Hammer, 1990). The true
incidence of these infections is difficult to
determine because the diagnosis may not be
considered, many cases are unreported, or a
specific viral etiology is never confirmed.
However, these disorders occur with suffi-
cient frequency that physicians should be
familiar with the clinical manifestations, di-
agnostic techniques, and therapeutic options
(Tyler, 2009).

Unfortunately, the clinical syndromes and
results of routine laboratory tests are typical-
ly nonspecific. Thus, other infectious and
noninfectious causes must be entertained
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when evaluating such patients, particularly
those disorders that are treatable.

Viral meningitis: Some viruses produce
aseptic meningitis as enteroviruses, herpes
simplex virus (HSV), human immunodefi-
ciency virus (HIV), West Nile virus (WNV),
varicella-zoster virus (VZV), mum-ps, and
lymphocytic choriomeningitis virus (LCM).

Enteroviruses: Aseptic meningitis occur-
ring during the summer or fall is most likely
to be caused by enteroviruses (e.g., Cox-
sackie, echovirus, other non-poliovirus en-
teroviruses), the most common cause of viral
meningitis (Kupila et al, 2006). However,
seasonal variation of certain CNS viral in-
fections is relative and not absolute. Entero-
viruses continue to cause 6 to 10 percent of
cases of viral meningitis in the winter and
spring despite their predilection for inciting
illness in the late summer and fall. The pre-
senting signs and symptoms of enteroviral
meningitis are not distinctive. Symptoms
onset were characteristically abrupt and typ-
ically includes headache, fever, nausea or
vomiting, malaise, photophobia, and menin-
gismus. Rash, diarrhea, and upper respirato-
ry symptoms also occur (Meyer et al, 1960).

CSF findings are typical of other viral
meningitides and include a white blood cell
(WBC) count that is generally less than 250
cells/microL,, a modest elevation in CSF pro-
tein concentration (generally less than 150
mg/dL), and a normal glucose concentration.
Djukic et al. (2012) investigated the CSF
changes during acute LNB. Routine CSF
parameters [leukocyte count, protein, lactate
and albumin concentrations, CSF/serum
quotients of albumin (Q(Alb)), 1gG, IgA &
IgM, and oligoclonal IgG bands] and Borre-
lia burgdorferi-specific antibody index were
retrospectively studied in relation to the clin-
ical presentation in patients diagnosed with
acute LNB. A total of 118 patients with
LNB were categorized into the following
groups according to the symptoms at presen-
tation; Gl: polyradiculoneuritis (Bannwar-
th's syndrome), G2: isolated facial palsy and
G 3: predominantly meningitic course of the



disease. In addition to the CSF of patients
with acute LNB, CSF of 19 patients with
viral meningitis (VM) and 3 with neurolues
(NL) were analyzed. There were 97 patients
classified with definite LNB, and 21 as
probable LNB. Neck stiffness and fever
were reported by 15.3% of patients. Most of
these patients were younger than 50 years.
Polyradiculoneuritis was frequently found in
patients older than 50 years. Lymphopleocy-
tosis was found in all patients. Only 5 pa-
tients had a CSF lactate >3.5 mmol/l, and
mean CSF lactate level not -elevated
(2.1£0.6 mmol/l). The patients with definite
LNB had significantly higher lactate levels
than patients with probable LNB. Elevated
lactate levels were accompanied by fever
and headache. In the Reiber nomograms,
intrathecal immunoglobulin synthesis was
found for IgM in 70.2% followed by IgG in
19.5%. Isoelectric focusing detected an in-
trathecal IgG synthesis in 83 patients. Ele-
vated BB Als in the CSF were found in 97
patients. Patients with VM showed lower
CSF protein concentration and CSF/serum
quotients of albumin than LNB patients. In
acute LNB, all patients had elevated CSF
leukocyte counts. In contrast to infections by
other bacteria, CSF lactate was lower than
3.5mmol/l in all but 5 patients. CSF data did
not differ between polyradiculoneuritis, fa-
cial palsy, and meningitis. CSF in LNB pa-
tients strongly differed from CSF in VM pa-
tients with respect to protein concentration
and CSF/serum albumin quotient.

Up to two-thirds of patients with enterovi-
ral meningitis have a polymorphonuclear
predominance in the CSF when examined
early in the course of the illness. Repeat
lumbar puncture after 12 to 24 hours, if per-
formed, generally shows an evolution to a
lymphocytic predominance. PCR for entero-
viruses can be considered if a definitive di-
agnosis is desired, or in the setting of an
outbreak situation, but not necessary in all
patients. CSF PCR for enteroviruses yields a
diagnosis in up to 75% of patients with cul-
ture-negative aseptic meningitis. Among pa-
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tients with CNS manifestations and a nega-
tive CSF PCR, upper respiratory tract and
gastrointestinal tract specimens for enterovi-
rus PCR may be useful to establish a diag-
nosis of enterovirus infection (Perez-Velez
et al, 2007).

HIV infection: Primary infection with
HIV frequently presents as a mononucleosis-
like syndrome manifested by fever, malaise,
lymphadenopathy, rash, and pharyngitis. A
subset of them developed meningitis or me-
ningoencephalitis manifested by headache,
confusion, seizures or cranial nerve palsies.

Differential Diagnosis- The differential
diagnosis of acute HIV infection includes
mononucleosis due to Epstein-Barr virus
(EBV) or cytomegalovirus, toxoplasmosis,
rubella, syphilis, viral hepatitis, disseminat-
ed gonococcal infection, and other viral in-
fections. A number of clinical findings help
distinguish these disorders from primary
HIV: Mucocutaneous ulceration is unusual
in all of these entities and, if present, should
heighten suspicion for acute HIV. Rash is
uncommon in EBV mononucleosis (unless
antibiotics were administered), CMV mono-
nucleosis, and toxoplasmosis and tends to
spare the palms and soles in rubella. The
rash of primary HIV infection may resemble
pityriasis rosea but marked constitutional
symptoms are unusual in pityriasis. The ab-
rupt onset of symptoms, pharyngeal edema
with little associated tonsillar exudate or hy-
pertrophy, and diarrhea all serve to distin-
guish acute HIV from EBV mononucleosis.
A positive heterophile antibody test was re-
ported uncommonly during acute HIV (Kel-
ley et al, 2007); whether this represents a
false positive test or reactivation of EBV
during acute HIV is not clear. Regardless of
the cause, the importance of this finding is
that a positive heterophile antibody test does
not exclude the diagnosis of acute HIV in-
fection. Atypical lymphocytes also may be
present in acute HIV although the incidence
of atypical lymphocytosis is significantly
less than in the classic mononucleosis syn-
dromes (<50% versus 90%) and the number



of cells fewer (Pilcher ez al, 2004). In most
patients with HIV-1 meningitis, the clinical
findings resolve without treatment, and pa-
tients may be erroneously assumed to have a
benign cause of viral meningitis. Clinicians
should have a high index of suspicion for
primary HIV infection in patients at in-
creased risk for acquisition of this virus and
all patients should be questioned about pos-
sible risk factors. The identification of the
patient with acute HIV infection is also im-
portant from a public health viewpoint since
the risk of transmission is facilitated by high
levels of viremia.

CSF profile characteristically has a lym-
phocytic pleocytosis, an elevated protein
concentration, and normal glucose concen-
tration. Documentation of primary HIV in-
fection is accomplished by demonstration of
seroconversion or detection of HIV-1 vire-
mia in the absence of HIV antibody. Fitz-
gerald ef al. (2016) stated that detection of
acute HIV infection is vital in preventing
onward transmission. HIV point-of-care test-
ing (POCT) improved uptake of HIV testing
but limited to third-generation assays, which
only detect chronic HIV infection. They as-
sessed the sensitivity of the new Alere HIV
Combo POCT to detect acute HIV infection,
and concluded that the Alere HIV Combo
POCT test gave 88% sensitivity 95% CI
(78% to 98%) and 100% specificity 95% CI
(99.7% to 100%) to detect p24 antigen.

Primary HSV is increasingly recognized as
a cause of viral meningitis in adults. In con-
trast to HSV encephalitis, which is almost
exclusively due to HSV-1, viral meningitis
in immunocompetent adults is generally
caused by HSV-2. Between 13 & 36% of the
patients presenting with primary genital her-
pes have clinical findings consistent with
meningeal involvement, including headache,
photophobia and meningismus. On the other
hand, genital lesions are present in approxi-
mately 85% of patients with primary HSV-2
meningitis and generally precede the onset
of CNS symptoms by seven days. CSF pro-
file includes a pleocytosis with a predomi-
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nance of lymphocytes, and a normal CSF
glucose concentration. HSV meningitis can
also occur without evidence of genital le-
sions, although this was less common.
Papini (2012) in Italy reported that genital
Herpes simplex virus infection was a recur-
rent, lifelong disease without cure. Strongest
predictor for infection is a person's number
of lifetime sex partners. HSV-2 was com-
monest responsible, although HSV-1 infec-
tions were rapidly increasing, particularly in
adolescents, women and men who have sex
with men. The natural history includes first-
episode of mucocutaneous infection, estab-
lishment of latency in the dorsal root gangli-
on, and subsequent reactivation. Most cases
were transmitted via asymptomatic viral
shedding. Atypical manifestations are com-
mon. Genital HSV-2 recurs six times more
frequently than type 1. Laboratory confirma-
tion of the clinical diagnosis is recommend-
ed in all patients in order to guide a correct
counseling and management. Real-time PCR
and viral culture are gold standard for diag-
nosis. Serologic testing could be useful in
patients with a questionable history. Coun-
seling patients about the risk of transmission
was crucial and helped prevent the spread of
disease and neonatal complications.
Recurrent (Mollaret's) meningitis: Mollar-
et's meningitis is a form of recurrent benign
lymphocytic meningitis (RBLM), not com-
mon illness characterized by more than three
episodes of fever and meningismus lasting
two to five days, followed by spontaneous
resolution. There was a large patient-to-
patient variation in the time course to recur-
rence that could vary from weeks to years.
One-half of patients can also exhibit transi-
ent neurological pictures, including seizures,
hallucinations, diplopia, cranial nerve pal-
sies, or altered consciousness (Shalabi and
Whitley, 2006). The commonest etiologic
agent in Mollaret's meningitis is HSV-2, but
many patients do not have evidence of geni-
tal lesions at presentation time. Occasional
cases are due to HSV-1 and some without
established etiology. Finding of large granu-



lar plasma cells on Papanicolaou's stain of
CSF is pathognomonic of Mollaret's menin-
gitis (Schlesinger ef al, 1995). Diagnosis
was by PCR for HSV DNA in CSF. Because
of the infrequency of this clinical entity, no
randomized treatment trials have been con-
ducted; however, individual case reports
suggesting benefit indicate that suppressive
treatment with acyclovir or a related com-
pound should be offered. Rawal et al. (2015)
in India stated that Herpes simplex virus en-
cephalitis (HSVE) is one of the most poten-
tially fatal infectious diseases that must be
detected very early. Combination of clinical
history and examination, brain computed
tomography or magnetic resonance imaging
(MRI) and lumbar puncture have been used
to establish a diagnosis. They presented a
case of HSVE with normal CSF analysis,
but typical MRI findings consistent with
HSE and CSF PCR positive for Herpes sim-
plex virusl DNA, who responded to Acy-
clovir therapy with complete recovery. Non-
infectious etiologies for Mollaret's meningi-
tis were proposed. As an example, patients
with an intracranial epidermoid-cyst or other
cystic abnormalities in the brain can develop
meningeal irritation due to intermittent leak-
age of irritating squamous material into the
CSF. This may be detected acutely by polar-
izing microscopy of CSF. Imaging studies
should be performed subsequently when the
patient is asymptomatic, since the epider-
moid cyst is often collapsed immediately
after leaking its contents (Chan et al, 2003).
Lymphocytic choriomeningitis virus: Ly-
mphocytic choriomeningitis virus (LCMV)
is a human zoonosis caused by a rodent-
borne areana-virus. LCMV is excreted in the
urine and feces of rodents, including mice,
rats, and hamsters, and is transmitted to hu-
mans by exposure to secretions or excretions
(by direct contact or aerosol) of infected an-
imals or contaminated environmental sur-
faces. Infection is more common during
winter months (Rousseau et al, 1997). Af-
fected patients generally present with an in-
fluenza-like systemic illness accompanied

323

by headache and meningismus. A minority
of patients develop orchitis, parotitis, my-
opericarditis, or arthritis. CSF findings are
typical of other causes of viral meningitis
except that low glucose concentrations were
observed in 20-30% of patients with LCMV
meningitis and CSF WBC counts more than
1000/microl. were usual. Diagnosis is by
seroconversion to virus in paired sera. There
was no specific antiviral therapy for LCMV.
Schafer et al. (2015) reported that on April
26, 2013, United Network for Organ Sharing
reported to CDC a cluster of ill organ trans-
plant recipients in lowa with a common or-
gan donor. Infection with LCMV was sus-
pected. LCMYV is a rodent-borne virus com-
monly nonfatal, influenza-like illness and
occasional aseptic meningitis, but when
transmitted by organ transplantation or in
utero is severe, life-threatening disease
Mumps: Aseptic meningitis is the most
frequent extrasalivary complication of virus
infection. Prior to the introduction of the
mumps vaccine in 1967, this paramyxovirus
was a relatively common cause of viral men-
ingitis, accounting for between 10 and 20%
of all cases. The commonest pictures were
headache, low-grade fever, and mild nuchal
rigidity. The onset of meningitis is variable
and can occur before, during, or after an epi-
sode of mumps parotitis (Takeshima et al,
2015). Hikita et al. (2015) stated that pedia-
tricians sometimes see patients with severe
aseptic meningitis and prolonged fever or
severe headache, or both. This condition has
a good prognosis and is usually treated with
supportive therapy. However, there was nei-
ther guideline nor consensus for the treat-
ment of patients with severe aseptic menin-
gitis. They investigated the relationship be-
tween disease severity and biomarkers. They
found that the AMSS in MM was signifi-
cantly higher than that in EM. IL-4, IL-6,
IL-8, IL-10, and G-CSF levels in MM and
EM CSF were higher than in control CSF.
IFN-y levels were higher in MM than in
controls (p<0.01). IL-10 and IFN-y levels in
MM were higher than those in EM. They



concluded MM was risky than EM. One
likely reason is the higher CSF cytokine lev-
els in MM. IFN-y may be a potentially
strong biomarker of severity. Woo (2016)
reported that because some parents were
choosing to not vaccinate or only partially
vaccinate their children, vaccine-preventable
diseases that once were rarely seen in pediat-
ric practice must now be considered part of
the differential diagnosis when caring for the
children. CSF profile typically reveals fewer
than 500WBC/microl. with a lymphocytic
predominance, but more than 1000 WBC/
microlL and an early neutrophil predomina-
nce can sometimes see. CSF total protein is
normal or slight elevated and CSF glucose
levels may be mildly depressed.
Miscellaneous viruses: A number of other
viruses can infrequently be associated with
viral meningitis. In certain areas of the Unit-
ed States, arthropod-borne viruses can cause
aseptic meningitis. West Nile virus (Gorman
et al, 2016), St. Louis encephalitis virus
(Reisen and Wheeler, 2016) and California
encephalitis virus (Leber et al, 2016) all can
cause aseptic meningitis but more frequently
are associated with encephalitis. In Califor-
nia encephalitis virus Initial infection by the
virus and primary spread of the virus causes
the onset of non-specific symptoms such as
headache and fever. Secondary spread and
the multiplication of the virus in the CNS
causes symptoms as stiff neck, lethargy and
seizures. It then can result in encephalitis,
when inflammation of the brain, produced
by infection by the virus damages nerve
cells, which affects signaling of the brain to
the body. After the virus enters the body via
a mosquito bite, the virus undergoes local
replication at skin site where virus entered
the body. A primary spread of virus occurs,
with seeding of reticuloendothelial system,
mainly in the liver, spleen, and lymph nodes.
With the ongoing replication of the virus a
secondary spread occurs, with the seeding of
the CNS. Not all the cases reach this stage,
depending on the efficiency of viral replica-
tion at the different stages and the degree of
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virus spread. The California encephalitis vi-
rus invades the CNS through either the cere-
bral capillary endothelial cells or the choroid
plexus (Eldridge et al, 2009).

In Egypt, Corwin et al. (1992) estimated
the prevalence of selected arboviral, rickett-
sial, and Hantaan viral antibody among a
sample of schoolchildren from 4 villages in
the Bilbeis area of the Nile river delta,
Egypt. The prevalence of antibody was 9%
(21/223) for Sicilian sandfly fever, 4%
(8/223) for Rift Valley fever, 3% (15/437)
for West Nile virus and 9% (28/315) for
Hantaan (HTN) virus. Antibody was demon-
strated among 22% (93/418) of the same
study subjects against Coxiella burnetti,
53% (199/373) against Rickettsia typhi, and
37% (137/371) against R. conorii. El-Bah-
nasawy et al. (2013b) reported so many spe-
cies of mosquito-borne diseases. The aseptic
meningitis can also be associated with either
primary varicella zoster infection or out-
breaks of herpes zoster, Epstein-Barr virus,
cytomegalovirus, human herpes virus-6, and
adenoviruses. (Ihekwaba et al, 2008).

Spirochetes: Two major spirochetes are
considered in differential diagnosis of asep-
tic meningitis; Treponema pallidum, causa-
tive agent of syphilis, and Borrelia burgdor-
feri agent of Lyme disease.

Syphilis: T. pallidum, the causative agent
of syphilis, disseminates to the central nerv-
ous system during early infection. Syphilitic
meningitis can present in the setting of sec-
ondary syphilis with headache, malaise, and
disseminated rash. CSF data include a lym-
phocytic pleocytosis with an elevated pro-
tein concentration; occasionally a depressed
glucose concentration may also be seen. Se-
rum and CSF VDRL are nearly always posi-
tive. Leeyaphan ef al. (2014) in Thailand re-
ported that syphilis was increasing dramati-
cally worldwide since 2000, especially in
men who have sex with men (MSM), and in
those with human immunodeficiency virus
infection. But, most previous reports studied
about prevalence and risk-factors of syphilis
in MSM population without statistical com-



parison with non-MSM population. They
concluded that Prevalence of syphilis was
continuously increasing. MSM with syphilis
significantly associated with younger age.
Moreover, early stage of syphilis, VDRL
titer higher than 1:32, and MSM-population
were significantly related with the HIV-
infection. Treatment regimen, MSM and
HIV-co-infection did not significantly show
influence on duration to cure. Drago et al.
(2016) in Italy stated that although neuro-
syphilis (NS) keeps plaguing worldwide,
often with oligosymptomatic and atypical
manifestations, the most recent reports fail
to provide useful information, like details of
the clinical history and even of the previous
early therapy. They conducted a survey of
the literature of the last 5 years on the clini-
cal presentation of NS, recording the afore-
mentioned inaccuracies. One hundred and
thirty-seven articles were collected, report-
ing on 286 patients. General paresis was the
commonest form (49%), often manifesting
with cognitive impairment and psychiatric
symptoms. Syphilitic meningitis was found
in 63 patients (22%), mainly with ocular or
auditory involvement. Meningovascular and
tabetic form were both found in 12% of cas-
es. Gummatous and epileptic manifestations
were rare. Literature perusal confirmed that
NS prevalence was increasing with pictures
atypical for timing and type of lesions.

Lyme disease: Lyme meningitis typically
occurs in the late summer and early fall, the
same time as the peak incidence of enterovi-
ral meningitis. During the acute primary in-
fection, some patients develop headache,
neck stiffness, and photophobia. Fever is
usually mild; Kernig and Brudzinski signs
are usually absent on physical examination,
and neurologic features can include cranial
nerve palsies, especially involving the facial
nerve, which may be bilateral. Ticks trans-
mit more pathogens to humans and animals
than any other arthropod. The 2.1 Gbp nu-
clear genome of the tick, Ixodes scapularis
(Say) the vectors pathogens that cause Lyme
disease was described, human granulocytic
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anaplasmosis, babesiosis and other diseases
(Gulia-Nuss et al, 2016).

Diagnosis of aseptic meningitis due to Ly-
me disease is facilitated when other charac-
teristic findings are present, such as erythe-
ma chronicum migrans. When Lyme menin-
gitis occurs alone, the diagnosis can be
missed unless the clinician considers other
risk factors, such as potential exposure to
tick bites or travel history. Elhelw et al.
(2014) investigated B. burgdorferi infection
as an emerging zoonosis neglected in Egypt.
A total number of 92 animals, tick and hu-
man companion specimens were collected
and subjected for culture, PCR and/or sero-
detection. B. burgdorferi was detected and
isolated from Egyptian animal breeds. They
also detected the presence of outer surface
protein A gene of B. burgdorferi by PCR as
well as anti-B. burgdorferi -1gM by ELISA
in human contacts who were suffering from
fever of unknown origin. This report repre-
sents the first systematic study on animals
associated with patients suffering from fe-
brile illness to confirm the emerging of such
neglected zoonosis in Egypt. Besides, El-
Bahnasawy et al. (2012) reported that many
Egyptian animals (farm, domestic, pets) and
carnivores were infested with many species
soft and hard ticks.

Tick-borne diseases: Tick-borne diseases
that can be considered in the differential di-
agnosis of aseptic meningitis include Rocky
Mountain spotted fever and ehrlichiosis.

Rocky Mountain spotted fever: In the early
phase of illness, patients with RMSF can
present with fever, a severe headache, ma-
laise, myalgias, arthralgias, and nausea with
or without vomiting. If a lumbar puncture is
performed to evaluate the headache, CSF
findings can include a mild lymphocytic
pleocytosis that can be confused with viral
meningitis. Less than one-half of patients
develop a rash in the first 72 hours of illness.
Biggs et al. (2016) reported the 2006 CDC
recommendations on the diagnosis and man-
agement of tick-borne rickettsial diseases in
the USA and includes information on the



practical aspects of epidemiology, clinical
assessment, treatment, laboratory diagnosis,
and prevention of tick-borne rickettsial dis-
eases. CDC Rickettsial Zoonoses Branch, in
consultation with external clinical and aca-
demic specialists and public health profes-
sionals, developed this report to assist health
care providers and public health profession-
als to 1) recognize key epidemiologic fea-
tures and clinical pictures of tick-borne rick-
ettsial diseases, 2) recognize that doxycy-
cline is treatment of choice for suspected
tick-borne rickettsial diseases in adults and
children, 3) understand early empiric anti-
bacterial therapy can prevent severe disease
and death, 4) request appropriate confirma-
tory diagnostic tests and Know their useful-
ness and limitations, and 5) report probable
and confirmed cases of tick-borne rickettsial
diseases to public health authorities
Ehrlichiosis: Patients with ehrlichiosis pre-
sent in a similar manner as those with RMSF
as with fever and nonspecific symptoms
such as malaise, myalgia, headache& chills.
Rash, which can be macular, maculopapu-
lar, or petechial, occurs in a few patients.
Neurologic symptoms, including mental
status changes, stiff neck, and clonus occur
in some cases. CSF findings include a lym-
phocytic pleocytosis with elevated protein.
In one case report, characteristic inclusions
within mononuclear cells were seen, com-
patible with Ehrlichia morulae. Toom et al.
(2016) in the Netherlands reported that in
dogs with canine monocytic ehrlichiosis
(CME), respiratory signs are uncommon and
clinical and radiographic signs of interstitial
pneumonia are poorly described. But, in
man monocytic ehrlichiosis, respiratory sig-
ns are common and signs of interstitial
pneumonia are well known. Pulmonary hy-
pertension (PH) is classified based on the
underlying disease and its treatment is aimed
at reducing the clinical signs and, if possible,
addressing the primary disease process. PH
is often irreversible, but can be reversible if
it is secondary to a treatable underlying eti-
ology. CME is currently not generally rec-
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ognized as one of the possible diseases lead-
ing to interstitial pneumonia and secondary
PH in dogs. Only one case of PH associated
with CME has been reported worldwide.
They presented a seven-year-old; male in-
tact, mixed breed dog was presented with
2 weeks history of lethargy and dyspnea.
The dog previously lived in the Cape Verde-
an islands. Physical examination showed
signs of right-sided congestive heart failure
and poor peripheral perfusion. Thoracic ra-
diography showed moderate right-sided car-
diomegaly with dilation of the main pulmo-
nary artery and a mild diffuse interstitial
lung pattern with peribronchial cuffing.
Echocardiography showed severe pulmonary
hypertension with an estimated pressure
gradient of 136 mm Hg. On arterial blood
gas analysis, severe hypoxemia was found
and complete blood count revealed moderate
regenerative anemia and severe thrombocy-
topenia. A severe gamma hyperglobulinemia
was also documented. The serology for Ehr-
lichia canis was highly positive. Treatment
with oxygen supplementation, a typed pack-
ed red blood cell transfusion and medical
therapy with doxycycline, pimobendan and
sildenafil was initiated and the dog im-
proved clinically. Approximately 2 weeks
later, there was complete resolution of all
clinical signs and marked improvement of
the PH. Krbkova et al. (2016) in Czech Re-
public examined evidence of positive anti-
bodies against immunogenic proteins of An-
aplasma phagocytophilum in patients with
other tick-borne infections and to diagnose
possible co-infections, 412 serum specimens
were tested by immunoblotting using three
specific Anaplasma antigens: surface pro-
teins p44 and Asp62 and outer membrane
protein A (OmpA). In total, 284 serum sam-
ples from children with Lyme borreliosis
and 12 serum samples from children with
tick-borne encephalitis were tested. Patients’
sera with viral aseptic meningitis (n=47) and
from blood donors (n=69) were used as con-
trols. All serum specimens from patients
with tick-borne infections submitted for this



study, six samples (2:0%) showed positive
IgM reactions and seven samples (2:4%)
were IgG positive for A. phagocytophilum
by immunoblot. Borderline reactivity was
found in 30 samples (10-14%) for IgM and
36 samples (12-2%) for IgG. The difference
between patients and blood donors was sta-
tistically significant for IgM (P= 0-006) and
for IgG (P=0-0007) antibodies. A statistical-
ly significant result was obtained for IgG (P
=0-02) but not for IgM between patients and
children with aseptic meningitis. Immunob-
lot using three specific antigens provides
novel information about the positivity of an-
tibodies to A. phagocytophilum in children
with other tick-borne infections. Taking into
account clinical and laboratory findings of
children despite antibody positivity, no case
of human granulocytic anaplasmosis was
demonstrated.

Fungi: Two major fungal infections must
be considered in differential diagnosis of
aseptic meningitis include cryptococcus and
coccidioidomycosis. C. neoformans produc-
es infection following inhalation through the
respiratory tract. The organism disseminates
hematogenously and has a propensity to lo-
calize to CNS, particularly in patients with
advanced AIDS. Symptoms typically begin
in an indolent fashion, usually over a period
of one to two weeks. The three commonest
symptoms are fever, malaise, and headache;
stiff neck, photophobia, and vomiting in
one-fourth to one-third of patients. The CSF
WBC count is typically low (<50/microL)
with a mononuclear predominance and the
protein and glucose concentrations are usu-
ally only slightly abnormal. Sun and Shi
(2016) in USA noticed swarming behavior
of neutrophils in both sterile injury and in-
fection models and the unveiled mecha-
nisms. They used live-cell imaging and ob-
served in vitro neutrophil swarming toward
C. neoformans, a fungal pathogen causing
human meningoencephalitis. Complement
C3 & CDI11b expression were essential for
neutronphils to form cell swarms surround-
ing C. neoformans. Leukotriene B4 (LTB4)
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was quickly released by neutrophils during
their interactions with C. neoformans. Blo-
ckade of LTB4 synthesis inhibited swarming
responded. Importantly, blockade of LTB4
synthesis also significantly reduced neutro-
phil recruitment in the lung vasculature of
mice infected intravenously with C. neofor-
mans, demonstrating a critical role of LTB4
in intravascular neutrophil swarming during
infection. First report of neutrophil dynam-
ics of swarming towards a microorganism in
vitro was mediated by complement &L TB4.
Coccidioides immitis is endemic in desert
regions of the southwestern United States
and Central and South America. This infec-
tion has protean manifestations, and primary
infection is frequently unrecognized. Men-
ingitis is the most lethal complication of
coccidioidomycosis and is therefore crucial
to recognize. Symptoms of meningitis, in-
cluding persistent and severe headache, usu-
ally develop within several months of the
initial infection. Abnormal neurologic find-
ings on physical examination are frequently
absent early in the course of coccidioidal
meningitis. CSF WBC counts ranges from
one to several hundred cells. A significant
numbers of eosinophils may be present, but
not specific for coccidioidal meningitis. CSF
glucose concentration may be depressed and
is occasionally profoundly low in associa-
tion with an elevation of CSF protein con-
centration. Kusne ef al. (2916) in USA re-
ported that donor-derived coccidioidomyco-
sis caused unexpected morbidity and mortal-
ity in transplant recipients. They added that
all proven or probable reports to the Disease
Transmission Advisory Committee between
2005 and August, 2012 were reviewed. Six
reports were discovered. In 4 of 6, the infec-
tion was first detected at autopsy in the re-
cipient. In 2 cases it was in the donor. Twen-
ty-one recipients received organs from these
6 donors. Transmission occurred in 43% at a
median of 30 days post-transplant with a
mortality rate of 28.5%. Eleven recipients
received pre-emptive antifungals, 7 did not
receive treatment, and treatment information



was not reported for 3 recipients. Five of 7
who did not receive prophylaxis/treatment
expired and all received early therapy sur-
vived. Six deaths occurred 14 to 55 days af-
ter transplant; median of 21 days. For ex-
posed recipients, donor-derived coccidioi-
domycosis is a significant cause of morbidi-
ty and mortality. Evidence of infection in
one recipient should prompt immediate
evaluation for treatment of all other recipi-
ents from the same donor as preemptive
treatment was effective.

Tuberculous meningitis: Patients with tu-
berculous meningitis frequently have pro-
tracted headache, vomiting, confusion, and
varying degrees of cranial nerve signs. Men-
tal status changes can occur, leading to co-
ma, seizures, and at times hemiparesis. Signs
of disseminated TB are of diagnostic im-
portance, but are often absent. CSF analysis
typically shows elevated protein and low-
ered glucose concentrations with a mononu-
clear pleocytosis. Xu et al. (2016) in China
reported that a one-year old boy admitted to
hospital for lethargy with vomiting over 3
days. Neurological examination showed ab-
normalities. CSF examination showed evi-
dence of meningitis. A purified protein de-
rivative (PPD) test, T-SPOT.TB and radio-
logical examination indicated tuberculous
meningitis. During treatment, child devel-
oped hypertension, sinus tachycardia, tach-
ypnoea, dystonia and high fever. Episodes
improved after the administration of propra-
nolol, artane and clonazepam. Paroxysmal
sympathetic hyperactivity is a rare manifes-
tation of tuberculous meningitis. They stated
that early detection was very important to
avoid diagnostic errors and overtreatment.

Bacteria: There are a variety of ways in
which bacterial infections led to a clinical
picture of aseptic meningitis with a CSF
pleocytosis: Parameningeal sources, such as
an epidural or subdural abscess, sinus, or ear
infection, can occasionally extend to involve
the central nervous system. A thorough his-
tory and physical examination led to appro-
priate imaging and the correct diagnosis.
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Humaid et al. (2014) in Saudi Arabia de-
termined the prevalence of otitis media with
effusion (OME) among school children in
Qassim region and its risk factors in affected
children. They concluded that prevalence of
OME in Qassim Region reached 7.5% in
school children; aged less than 8 years,
family size more than 4 members in house-
hold, mother education less than secondary
school education, living in rural area and
recurrent AOM are found to be predictors of
OME in Qassim Region. In this children
population of otoscopy and tympanometry
should be used as screening tools for OME.

Ragab et al. (2015) reported that acute rhi-
nosinusitis (ARS) is a common pediatric
problem and determined the efficacy of
normal nasal saline irrigation (NSI) with or
without amoxicillin in treatment of acute
rhinosinusitis (ARS) in children. They stud-
ied 62 patients with ARS. In amoxicillin
group (31 patients); clinical cure 26 (83.9%)
in comparison to 22 (71%) patients in NSI
without antibiotics group (31 patients). No
differences between groups in the reported
nasal symptom scores and total symptoms
scores improvements at day 7 (p=0.09 and
0.65) and day 14 (p=0.29 and 0.14), respec-
tively. The mean total PRQLQ values had
no differences between both groups after the
2 weeks of treatment (p=0.06). At day 7,
MM neutrophils reduced significantly in
amoxicillin group in comparison to placebo
group (p=0.004). At day 14, the MM cyto-
logical content had no differences between
both groups (p=0.07). Normal NSI with pla-
cebo has less reported adverse effects than
amoxicillin and nasal saline irrigations
(p=0.005). They concluded that NSI used
alone with the same clinical, bacteriological
and cytological cellular changes efficacy and
with higher safety profile than amoxicillin
after 14 days of treatment in uncomplicated
clinically diagnosed ARS in children.

El-Kholy et al. (2015) in Egypt evaluated
the serological and molecular methods for
the diagnosis of infective endocarditis. One
hundred and thirty-two cases were diag-



nosed as definite IE. Causative organisms
were detected by blood cultures in 40 of
cases. Blood culture-negative endocarditis
(BCNE) represented 69.7 %. Of these cases,
PCR followed by sequencing on blood and
valvular tissue could diagnose five cases of
Aspergillus flavus. Eleven patients with
BCNE (8.3 %) diagnosed as zoonotic endo-
carditis by serology and PCR including five
cases of Brucella spp, four cases of Bar-
tonella spp and two cases of Coxiella bur-
netii. PCR detected three cases of Brucella
spp and two cases of Bartonella spp, while
cases of C. burnetii were PCR negative. 1l
diagnostic tools decreased the percentage of
non-identified cases of BCNE from 69.7 to
49.2 %. They concluded that serologic and
molecular tools diagnosed of blood culture-
negative endocarditis. Bodman ez al. (2016)
stated that spinal epidural abscesses were an
uncommon cause of spinal cord injury but,
due to size and pre-sence of neurological
deficits, urgent neurosurgical intervention
may be required. They presented a unique
case of a patient presenting with a spinal
epidural collection several days after a fall.
While a spinal epidural hematoma was sus-
pected based on the patient's history and
MRI findings, a spinal epidural abscess was
found during surgery. The patient underwent
laminectomy and instrumented fusion with
successful treatment of her infection. Sch-
neider and Pomidor (2016) in USA reported
that Neurologic complications in 20%-40%
of patients with infective endocarditis. My-
cotic aneurysms are one example of these
complications, and although rare, they could
confound a patient's recovery and increase
morbidity and mortality. They examined one
patient's experience and the devastating ef-
fects that this complication had on his life.
They concluded that information helped to
support neurological nurses in refining care
and facilitating best possible recovery for
patients who developed this condition.
Parasites: selected some interesting cases.
Helminthes: Mazyad et al. (1999) in Egypt
stated that affection of the spinal cord with
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schistosome eggs, although rare but do oc-
curred, causing many neurologic complica-
tions. Saleem et al. (2005) in Egypt stated
that spinal cord involvement is a rare mani-
festation of schistosomiasis. They described
the MR imaging findings of eight spinal
cord schistosomiasis in correlation with sur-
gery and pathology. They concluded that
multinodular intramedullary contrast enhan-
cement of distal cord enabled correct pre-
sumptive preoperative MR imaging diagno-
sis of spinal schistosomiasis in three cases.
Accurate diagnosis, by MR imaging appear-
ance, allows early treatment and better prog-
nosis of spinal cord schistosomiasis.
Angiostrongylus cantonensis, the rat lung-
worm, is a parasite that is endemic in South-
east Asia and Pacific caused an aseptic men-
ingitis. Symptoms include severe headache,
stiff neck, paresthesias, and uncommonly
facial nerve palsy (Podwall ef al, 2004). The
diagnosis of cerebral angiostrongyliasis is
generally based upon clinical presentation,
CSF eosinophilia, and an epidemiologic his-
tory of known or possible exposure to infec-
tive A. cantonensis larvae. CSF protein con-
centration is usually elevated, but glucose
concentration is normal or only minimally
reduced. Peripheral blood and CSF eosino-
philia frequently occur. Tsai et al. (2014) in
Southeast Asia and the Pacific Islands stated
that A. cantonensis is the main causative
agent of human eosinophilic meningitis in.
A previous study demonstrated that the 14-
3-3p protein was a neuropathological marker
in monitoring neuronal damage in meningi-
tis. Steroids were commonly used in patients
with A. cantonensis eosinophilic meningitis.
They hypothesized that the beneficial effect
of steroids on eosinophilic meningitis was
partially mediated by the down-regulation of
14-3-3B protein expression in the cerebro-
spinal fluid (CSF). Experimentally, they de-
termined the dynamic changes of 14-3-3f
protein in mice with eosinophilic meningitis.
The 14-3-3p protein in serum and CSF was
increased in week 2 & 3 after infections.
Dexamethasone significantly decreased the



amounts of CSF 14-3-3f protein. By devel-
oping an in-house ELISA to measure 14-3-
3P protein, it was found that the amounts of
14-3-3B protein in the CSF and serum in-
creased over a three-week period after infec-
tion, with a remarkable reduction of 14-3-3f
protein in the CSF after 2 weeks of dexame-
thasone treatment.

Abo-Madyan et al. (2005) in Al-Fayoum,
Egypt in a survey carried out during Sum-
mer and Autumn, for snails of medical im-
portance, nine species were recovered. The-
se were Biomphalaria alexandrina, B. gla-
brata, B. pfeifferi, Bulinus truncatus, B. for-
skalii, Lymnaea natalensis, Bellamya uni-
color, Physa acuta and Hydrobia musaensis.
Examination revealed that B. alexandrina,
B. glabrata and L. natalensis harbored im-
mature stages of concerned trematode para-
sites. P. acuta harbored timmature stage of
nematode parasite Parastrongylus cantonen-
sis. Ibrahim (2007) at Al-Salam irrigation
Canal and Al-Abtal village (north Sinai) re-
ported six snails species were found infected
with A. cantonensis larvae. These species
were L. carinatus, C. bulimoides, C. cyclos-
tomoides, B. alexandrina, L. natalensis and
M. tuberculta, with prevalence ranged from
0.63 to 2.24%, the peak in L. carinatus. He
concluded that 4. cantonensis larvae were
found in a wide range of freshwater snails
with M. tuberculata as a new intermediate
host for the first times this zoonotic parasite.

Cestodes involve CNS, presented with var-
ied clinical manifestation, at times causing
diagnostic dilemmas.

As to echinococcosis Mazyad et al. (1998)
in Egypt reported first time spinal cord hy-
datid cysts in two preparatory school pupils
presented with sever back pain, bilateral
neurologic deficient in both lower limbs in-
cluding motor and sensory affection in scat-
tered pattern as well as knees reflux. They
were diagnosed hydatidosis by surgical re-
moval of the cysts and confirmed by histo-
logical and parasitological examinations.
They concluded that parasitic infection in
the spinal cord is rare but it should be in
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mind with disseminating parasite(s). But,
radical surgical excision was not always re-
commended. Biopsied materials for histopa-
thological studies should be done first before
any surgery. Ozdemir et al. (2004) in Turkey
stated that bone involvement in hydatid dis-
ease was reported as 0.5 to 4%. Spinal in-
volvement is found in 50% of these cases,
with mortality over 50%. Paraplegia is the
most serious complication of the disease,
caused by compression of the spinal cord by
the cysts. Aggressive surgery combined with
antihelminthic therapy was recommended to
eradicate the disease and prevent recurrence.
They concluded that the primary spinal echi-
nococcosis must be considered in the pre-
operative differential diagnosis of the atypi-
cal presentation of vertebral lesions, espe-
cially in patients with risk factors. Early di-
agnosis and preferably anterior radical sur-
gery combined with antihelminthic therapy
of sufficient duration are mandatory to at
least halt the progression of symptoms, but
these measures could not provide a lasting
solution for these patients were described.
Rumana et al. (2006) in India mentioned
that in developing countries hydatidosis is
both a medical and economic problem relat-
ed to environmental hygiene and healthy
veterinary practice. Multiple intracranial and
spinal hydatidosis is rare. A series of 29 his-
tologically confirmed cases of hydatidosis of
neuraxis (21 intracranial and 8 spinal) from
South India are presented. Among 21 cases
of intracranial hydatidosis, 12 cases were in
pediatric age, while only 1 spinal lesion was
noted in a S-year-old child. The clinical
presentation of intracranial lesions was pre-
dominantly that of raised intracranial pres-
sure and visual symptoms, while spinal hy-
datidosis manifested with severe back pain,
weakness and sphincter disturbances. The
cranial cysts were usually single and uniloc-
ulated (12 cases), multiple in 7 and single
but multiloculated in 2. In spinal hydati-
dosis, the cysts are usually multiple and ex-
tradural, rare ones being intramedullary and
intradural. Based on the clinical features and



imaging, the differential diagnosis for intra-
cranial lesions were cystic tumors and
arachnoid cyst while metastasis and tubercu-
losis were considered in cases of spinal hy-
datidosis because of vertebral bony in-
volvement. The majority of the cysts could
be surgically resected totally and some were
aspirated under control suction and resected.
None of the cases had anaphylactic reaction,
with no significant post-operative morbidity
and no mortality. One intracranial and 2 spi-
nal lesions caused by fertile cysts recurred to
undergo repeated surgery. Giinegs et al.
(2009) in Turkey presented an unusual case
of pathologically confirmed multiple distinct
spinal intradural extramedullar spinal hyda-
tid cyst after 1 year of lung cyst hydatid op-
eration. Al4-year-old boy admitted to clinic
with pain in the back, both of leg and disa-
bility in walking. The patient presented with
back pain, asymmetrical paraparesis, right
more than left and weakness. Multiple dis-
tinct spinal intradural extramedullary cystic
lesion was identified with magnetic reso-
nance imaging and was hydatid cyst by his-
topathologic confirmation after the surgical
removal. They reported that spinal hydatid
disease is uncommon. Among them, multi-
ple distinct spinal intradural extramedullar
location is extremely rare. But total removed
cysts without rupture should be the surgical
goal in all cases, best treatment remains an
active nationwide prevention of the disease.
Sasani and Ozer (2009) in Turkey men-
tioned that bone hydatid cysts occur in 1%
to 2.5% of all patients with hydatid cyst dis-
ease, whereas 50% of bone hydatidosis cases
are spinal. Diagnosis is difficult and patients
usually present with neural compression
symptoms. Surgery and antihelmintic medi-
cine administration are considered as the
treatments of choice. They reported a 35-
year-old male patient, who underwent surgi-
cal and antihelmintic medical treatment 2
years previously, had a leaking cyst without
neurologic symptoms. The patient under-
went excision of multiple parasacral cysts
from a posterior approach. Medical antihel-
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mintic treatment was used after surgery.
They concluded that the recurrence period of
spinal hydatid disease may be silent without
any neurologic deficits or pain; the only
clinical manifestation may be leakage from a
cyst. Curative therapies remain unlikely, but
periodic follow-up MR images are advisable
for early diagnosis of recurrence in order to
obtain effective treatment.

Limaiem ef al. (2010) in Tunisia analyzed
the epidemiologic-characters, the clinical sy-
mptoms, radiological aspects, treatment and
outcome of central nervous system hydati-
dosis and compared the results with those
reported in literature. They were 20 male
and 19 female patients (sex-ratio M/F=1.05)
between 2 and 68 years of age (mean=26.5
years). Thirteen were children (33.3%) with
a mean age of 6.8 years and 26 were adults
(66.7%) with a mean age of 36.3 years. The
location of hydatid cysts was intracranial in
27 cases (69.2%) and spinal in 12 cases
(30.8%). Headache and motor deficits were
predominant symptoms in patients with in-
tracranial hydatidosis where-as back pain
and spinal cord compression syndrome were
the most frequent clinical presentations in
patients with spinal hydatidosis. All patients
underwent surgical resection of cyst. Patho-
logic findings were consistent with hydatid
cyst in all cases. During follow-up period
between 12 months and 5 years, 12 patients
had recurrence (30.7%). A patient with in-
tracranial hydatid cyst died postoperatively
due to anaphylactic shock. They concluded
that despite all the advances in imaging
techniques and therapeutic methods, central
nervous system hydatidosis remains difficult
to cure and patient outcomes are not satis-
factory especially in case of spinal involve-
ment due to the high incidence of recur-
rence.

As Taenia cysticercosis: Bouree et al.
(2006) in France stated that cysticercosis
caused by infection with the larva of Taenia
solium, common the worldwide, is located in
the muscles, eyes and the CNS, but mostly
in the brain. Spinal cord infection was rare.



They report a case of a young girl, living in
Paris who had traveled in Latin America,
and complained of back pains and trouble-
some walking. MRI showed a cyst in spinal
cord, but other examinations were normal.
Diagnosis was confirmed by a pathologist. It
was a pure intramedullary cysticercosis,
check-up to find other locations were nega-
tive. Only approximately 130 cases are re-
ported in the literature, with motor and sen-
sory disorders. The diagnosis was based on
MRI and pathological examination. Antipar-
asitic medical treatment was useful when
combined with surgery.

Khalifa et al. (2012) in Egypt reported that
meurocysticercosis is a serious zoonotic dis-
eas, encountered worldwide, caused by the
larval stage of Taenia solium. Due to the dif-
ficulties facing scientists to study the biolog-
ical, histological and immunological effects
of these larvae on the human brain, other
cestodes with more or less similar larvae
(Taenia crassiceps) were used. In brain in-
fected mice, Thl predominant cytokines
were significantly detected.

Luo et al. (2013) in China analyzed the
epidemiological characteristics, the clinical
symptoms, radiological aspects, treatments,
and outcomes of primary CNShydatidosis
and compared with those observed for sec-
ondary intracranial hydatidosis. They retro-
spectively reviewed 21 cases of primary
CNS hydatid cysts operated on at the First
Affiliated Hospital of Xinjiang Medical
University between 1996 and 2010. They
concluded that despite imaging and thera-
peutic advances, CNS hydatidosis remainsed
difficult to treat, and severe complications
and the high incidence of recurrence result
in unsatisfactory outcomes.

Ahmed and Paul (2014) reported that neu-
rocysticercosis usually presents with sei-
zures, headaches, progressively worsening
focal neurologic symptoms, visual disturb-
ances, loss of bladder control, etc. The MRI
scans can accurately diagnose spinal or cer-
ebral lesions and is also helpful in monitor-
ing progress while on treatment. Albend-
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azole was drug of choice along with steroids
for management of neurocysticercosis.

As to toxoplasmosis, Morsy et al. (1978) in
Jordan reported positive Toxoplasmin skin
tests in children in a Royal Institute for
Mentally Retarded Children.

Wishahy er al. (1975) in Egypt reported
toxoplasmosis in children with some neuro-
logical manifestations and Rifaat et al. (1975)
reported infantile toxoplasmosis and some
neurological disorders. Mabrouk and Da-
hawi (1991) carried out study on 42 patients
with meningoence-phalitis who had negative
C.S.F. cultures for common pathogenic bac-
teria. Percentage of sero-positive Toxoplas-
ma antibodies (IgG) by IIFA was 10/42
(26%). The clinical presentation & C.S.F,
changes with high antibody titers were en-
countered. The results may incriminate tox-
oplasmosis as an etiologic agent for menin-
go-encephalitis.

Prandota (2009) in Poland stated that ap-
proximately 2 billion people are chronically
infected with 7. gondii with largely un-
known consequences. Various endogen-ous
and exogenous triggering factors may mark-
edly affect latent CNS 7. gondii infection/
inflammation intensity, and cause reactiva-
tion of cerebral toxoplasmosis (CT). Irregu-
larities in pro- and anti-inflammatory pro-
cesses may markedly disturb the host and/or
T. gondii defense mechanisms important for
immune control of the parasite thereby man-
ifesting as a wide range of neurologic symp-
toms and signs observed in some patients
with migraine, epilepsy, celiac disease,
Henoch-Schonlein purpura, and other brain
disorders. This is consistent with reactiva-
tion of CT in mice after treatment with dex-
amethasone associated with depression of
type T(H)1 immune response, and develop-
ment of CT after administration of etaner-
cept or other bioproducts. The various types
of headaches, epilepsy, aseptic meningitis,
systemic adverse reactions to drugs or other
substances represent the Jarisch-Herxheimer
reaction due to the apoptosis of 7. gondii
tachyzoites. Development of some brain tu-



mors, as ependymoma and glioma may be
associated with a chronic course of CT.

Anwar et al. (2013) in Egypt reported that
cerebral parasitic cysts constitute a major
problem for livestock with coenurosis and
toxoplasmosis the predominant. They con-
cluded that coenurosis and toxoplasmosis
played a significant role in sheep manage-
ment.

Koshy and Cabral (2014) in USA stated
that brain-Toxoplasma interaction is critical
to the symptomatic disease produced by
Toxoplasma, but with little understanding of
the cellular or molecular interaction between
cells of the central nervous system (CNS)
and the parasite. In the mouse model of CNS
toxoplasmosis it has been known for over 30
years that neurons are the cells in which the
parasite persists, but little information is
available about which part of the neuron is
generally infected (soma, dendrite, axon)
and if this cellular relationship changes be-
tween strains. In part, this lack was second-
ary to the difficulty of imaging and visualiz-
ing whole infected neurons from an animal.
Such images would typically require serial
sectioning and stitching of tissue imaged by
EM or confocal microscopy after im-
munostaining. By combining several tech-
niques, the method described here enables
the use of thick sections (160pum) to identify
and image whole cells that contain cysts,
allowing three-dimensional visualization and
analysis of individual, chronically infected
neurons without the need for immunostain-
ing, electron microscopy, or serial sectioning
and stitching.

Generally, Abdel Razek et al. (2011) in
Egypt reviewed the characteristic imaging
appea-rances of parasitic diseases of CNS of
cysticercosis, toxoplasmosis, cystic echino-
coccosis, schistosomiasis, amebiasis, malari-
asis, sparganosis, paragonimiasis, and Amer-
ican and African trypanosomiases. Routine
precontrast and postcontrast MR imaging
helps in localization, characterization, delin-
eation of extension, and follow-up of the
parasitic lesions. Moreover, recently devel-
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oped tools, such as diffusion, perfusion, and
MR spectroscopy, help to differentiate para-
sitic diseases of the central nervous system
from simulating lesions. Combining imaging
findings with geographic prevalence, clinical
history, and serologic tests is required for
diagnosis of parasitic diseases of CNS. Yas-
sin et al. (2010) in Doha reported a patient
with skin lesions, respiratory distress, asep-
tic meningitis and bacterial and fungal sep-
sis, but fatal strongyloidiasis was established
through endotracheal tube secretions. Prado-
Prado et al. (2011) in Spain developed a
multi-target QSAR (mt-QSAR) classifier
using the MARCH-INSIDE technique to
calculate structural parameters of drug and
target plus one Artificial Neuronal Network
(ANN) to seek the model. The best ANN
model found is a Multi-Layer Perceptron
(MLP) with profile MLP 32:32-15-1:1. This
MLP classifies correctly 623/678 DTPs
(Sensitivity=91.89%) and 2995/3234 nDTPs
(Specificity=92.61%), corresponding to the
training Accuracy= 92.48%. The validation
of model was carried out by means of exter-
nal predicting series. The model classifies
correctly 313/338 DTPs (Sensitivity
92.60%) and 1411/1534 nDTP (Specifici-
ty=91.98%) in validation series, correspond-
ing to total Accuracy = 92.09% for valida-
tion series (Predictability). This model fa-
vorably compares with other LDA and ANN
models developed in this work and Machine
Learning classifiers published before to ad-
dress the same problem in different aspects.
These mt-QSARs offer also a good oppor-
tunity to construct drug-protein Complex
Networks (CNs) that can be used to explore
large and complex drug-protein receptors
databases. They illustrated two practical us-
es of this model with two different experi-
ments. In experiment 1, reported prediction,
synthesis, characterization, and MAO-A and
MAO-B pharmacological assay of 10 rasa-
giline derivatives promising for anti-Parki-
nson drug design. In experiment 2, found sa-
mpling, parasite culture, SEC & 1DE samp-
le preparation, MALDI-TOF MS & MS/MS



analysis, MASCOT search, MM/MD 3D str-
ucture modeling, and QSAR prediction for
different peptides of hemoglobin found in
the proteome of the human parasite Fasciola
hepatica; which was promising for the anti-
parasite drug targets discovery. Othman et
al. (2014) in Egypt reported that the hel-
minthes infections of CNS occur worldwide
with high prevalence in tropical and subtrop-
ical countries. They concluded that the hel-
minthic CNS infections of global impact,
such as schistosomiasis, neurotoxocariasis,
strongyloidiosis, neurotrichinosis, neurocys-
ticercosis, and echinococcosis.

Libbey et al. (2014) in USA stated that
multiple sclerosis (MS) was an inflammato-
ry demyelinating autoimmune disease of the
CNS. Although etiology of MS is unknown,
genetic and environmental factors play a
role. Infectious pathogens are the likely en-
vironmental factors involved in the devel-
opment of MS. Pathogens associated with
the development or exacerbation of MS in-
clude bacteria, as Mycoplasma pneumoniae
and Chlamydia pneumoniae, Staphylococ-
cus aureus-produced enterotoxins that func-
tion as superantigens, viruses of the herpes
virus (Epstein-Barr virus and human herpes-
virus 6) and human endogenous retrovirus
(HERV) families and the protozoa Acan-
thamoeba castellanii. They added that in
contrast, certain parasites infection as Schis-
tosoma mansoni, Fasciola hepatica, Hyme-
nolepis nana, Trichuris trichiura, Ascaris
lumbricoides, Strongyloides stercolaris, En-
terobius vermicularis protected against the
development or exacerbation of MS. Evi-
dence supporting the ability of parasitic in-
fections to protect against disease will be
discussed along with a brief summary of a
recent Phase I clinical trial testing the ability
of Trichuris suis ova treatment to improve
the clinical course of MS. A complex inter-
action between the CNS (including the
blood-brain barrier), multiple infections with
various infectious agents (occurring in the
periphery or within the CNS), and the im-
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mune response to those various infections
may have to be deciphered before the etiolo-
gy of MS can be fully understood.

Neoplasms of Leptomeninges: Hemato-
logic malignancies have a particular propen-
sity to seed the CNS, especially large cell
lymphomas and acute leukemias. Solid tu-
mors frequently causing carcinomatous me-
ningitis include breast cancer, lung cancer,
melanoma, gastrointestinal malignancies,
and cancers of unknown primary origin.
Meningeal signs caused by tumor invasion
of the leptomeninges and secondary inflam-
mation are common. Headache, nausea, and
vomiting may be presenting symptoms of
increased intracranial pressure. Diagnosis of
neoplastic meningitis is the cytologic identi-
fication of malignant cells within CSF,
which profile may include an elevated pro-
tein concentration and a lymphocytic pleo-
cytosis; a very high protein suggesting a
CSF block. CSF eosinophilia can be seen in
Hodgkin lymphoma.

Shinohara et al. (2016) in Japan reported a
66-year-old hospitalized man due to right
leg pain. Computed tomography (CT) re-
vealed multiple osteolytic changes. His se-
rum prostate-specific antigen (PSA) level
was increased to 77.83ng/ml at the hospitali-
zation time. A prostate biopsy was per-
formed, and histological examination results
indicated poorly differentiated adenocarci-
noma. Under diagnosis of multiple bone me-
tastasis of prostate cancer, androgen depri-
vation therapy was started. One month later,
the patient was confused and lost appetite.
Brain CT image demonstrated brain metas-
tasis, and magnetic resonance image showed
hydrocephalus. Although the patient under-
went ventricular drainage because of a de-
pressed level of consciousness, he died of
primary disease complicated by pneumonia
3 months after the first visit. Perioperative
cerebrospinal fluid cytological examination
revealed adenocarcinoma cells.

Drug-Induced meningitis: The drug is an
unusual adverse reaction that is usually a



diagnosis of exclusion (Jolles et al, 2000). A
number of drugs can induce symptoms and
signs of aseptic meningitis included non-ste-
roidal anti-inflammatory drugs (NSAIDs),
certain antibiotics e.g., trimethoprim-sulfam-
ethoxazole (Moris and Garcia-Monco, 1999)
intravenous immune globulin, rofecoxib,
cetuximab, and the OKT3 antibodies (Hop-
pmann et al, 1991). Two mechanisms were
proposed for drug-induced meningitis: a de-
layed hyper-sensitivity type reaction and di-
rect meningeal irritation (Lafferty al, 1997).
The CSF profile typically has a neutrophilic
pleocytosis. Symptoms often resolve a few
days after drug discontinuation. There were
also multiple reports of drug-induced men-
ingitis in patients with autoimmune disease.
Many reports implicate use of NSAIDs. It is
unclear whether these patients are inherently
at increased risk or whether the incidence is
greater as a result of the prevalent usage of
nonsteroidal anti-inflammatory drugs (Ro-
driguez et al, 2006). Koffman et al. (2016)
in USA reported two cases, one was a
32year-old woman admitted with nausea,
vomiting and cranial nerve palsies. Serology
was significant for a diagnosis of probable
SLE. MRI was performed and showed bilat-
eral symmetric diffuse T2/FLAIR hyperin-
tensities throughout the white matter and
cerebral angiography was unremarkable.
The patient developed recalcitrant cerebral
edema with intracranial hypertension despite
immunosuppressive therapies and subse-
quently expired. Post mortem evaluation
showed a white matter inflammatory pro-
cess, but no vascular changes consistent with
CNS vasculitis. Case two was a 29year-old
woman with known SLE that presented with
a loss of consciousness. Imaging included a
CT that showed diffuse cerebral edema with
white matter involvement and a normal cer-
ebral angiogram. Again, despite maximal
medical management the patient herniated
resulting in death by neurologic criteria.
They concluded that the two cases represent
a syndrome of white matter changes and dif-
fuse cerebral edema associated with SLE
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that has yet to be reported in the literature. It
is unclear if this process has a similar pa-
thology to SLE related IIH. Because this
syndrome causes a fulminant cerebral ede-
ma, further research is needed to better un-
derstand the underlying pathology and iden-
tify potential treatment options.

Approach to the patient: Clinical presenta-
tion of aseptic meningitis is generally non-
specific, with fever, headache, nausea and
vomiting, occasionally accompanied by pho-
tophobia and a stiff neck. Physical examina-
tion typically reveals signs of nuchal rigidi-
ty. Approach to aseptic meningitis patients is
complicated by diverse range of etiologic
agents and limited available diagnostic tools.

Historical clues: Clinicians should bear in
mind the following points: Obtain a com-
prehensive travel and exposure history, in-
cluding exposure to rodents (LCM), ticks
(Lyme), and tuberculosis, sexual activity
(HSV-2, HIV, syphilis), and contact with
other individuals with similar symptoms or
viral exanthems (enteroviruses). Carefully
consider potential nonviral etiologies. Pa-
tients should be specifically questioned
about preceding use of drugs associated with
meningitis as NSAIDs, intravenous immune
globulin, trimethoprim-sulfamethoxazole.

Clues on physical examination: Physical
examination may reveal findings suggestive
of a specific agent: A diffuse maculopapular
exanthem in a mildly ill patient may be con-
sistent with enteroviral infection, primary
HIV, or syphilis. The clinician should also
be aware that a maculopapular rash cans oc-
casionally in meningococcal infection and
also Rocky Mountain spotted fever. Parotitis
suggests mumps meningitis in an unvac-
cinated patient. Severe vesicular and ulcera-
tive genital lesions suggested a primary epi-
sode of HSV-2 infection. Oropharyngeal
thrush and cervical lymphadenopathy is con-
sistent with primary HIV infection. Asym-
metric flaccid paralysis strongly suggests the
possibility of West Nile virus meningitis
(El-Bahnasawy et al, 2013a).

Based upon the history, physical examina-



tion, and CSF findings, patients can be clas-
sified as having probable bacterial meningi-
tis, probable viral meningitis, or indetermi-
nant. (See "Cerebrospinal fluid: Physiology
and utility of an examination in disease
states"). For patients with suspected bacteri-
al meningitis (e.g., positive Gram stain,
WBC count >1000/microL, glucose concen-
tration <40 mg/dL [2.2 mmol/L]), antibiotics
should be initiated promptly. Patients with
probable viral meningitis mainly with CSF
findings of cell count <500/microL, >50%
CSF lymphocytes, protein concentration less
than 80 to 100 mg/dL, normal glucose con-
centration, and negative Gram stain. Patients
who are elderly, immunocompromised, or
have received antibiotics prior to presenta-
tion should be given antibiotics even if viral
meningitis is the suspected diagnosis. Oth-
erwise, clinician can consider observing the
patient without antibiotic therapy. When it is
not clear whether the patient has a viral or
bacterial process, the treating physician can
choose empiric antibiotics after obtaining
blood and CSF cultures or observation with
repeat lumbar puncture (LP) in 6 to 24
hours. The majority of clinicians opt for em-
piric antibiotics until culture results are
available in 24 to 48 hours. If the patient is
symptomatically improved and culture re-
sults are negative, then antibiotics can gen-
erally be stopped without a repeat LP. Re-
peat LP may be indicated in patients with
persistent symptoms who do not have a clear
diagnosis. Examination of multiple parame-
ters with the use of a nomogram may be
helpful in deciding which patients should be
treated empirically. However, Infectious
Diseases Society of America guidelines on
bacterial meningitis suggested that these
prediction rules should not be used to make
clinical decisions in individual patients.
These guidelines can be accessed through
the Infectious Diseases Society of America's
website (Lavery et al, 2007). For patients
with suspected viral meningitis or indeter-
minate CSF results, CSF must be sent for
virus detection assay or virus culture, as well

336

as for bacterial culture. In patients with cu-
taneous clues as to the etiology (e.g., genital
herpes or herpes zoster), PCR testing is pre-
ferred. Other tests include: serum and CSF
VDRL, HIV antibody or RNA testing, Lyme
serology, and acute/convalescent serologic
test for specific viruses. (Tunkel et al, 2004).
Differential diagnosis should be broadened
for the patient with lymphocytic predomi-
nance in the CSF and negative bacterial cul-
tures if symptoms worsen or persist. Evalua-
tion should include a repeat CSF analysis
with removal of large volume of fluid (3 to 5
mL) for fungal and mycobacterial cultures,
and imaging of the CNS and sinuses with
magnetic resonance imaging (MRI) or com-
puted tomography (CT). Potential noninfec-
tious etiologies should also be considered.

Recommendations

The patient with aseptic meningitis may be
difficultly diagnosed because of the large
variety of potential etiologic agents and the
overlap between self-limited viral illnesses
and potentially fatal bacterial infections. A
careful history should include travel and ex-
posure history, including exposure to ro-
dents (LCMV), ticks (Lyme Borrelia,
RMSF, ehrlichia), mosquitoes (West Nile
virus, St. Louis encephalitis virus) and pa-
tients with tuberculosis, sexual activity
(HSV-2, HIV, syphilis), travel (Coccidioides
immitis, Angiostrongylus cantonensis) and
contact with others with similar symptoms
or viral exanthems (enteroviruses). Patient
should also be questioned about medications
and other comorbidities. Opening CSF pres-
sure should be noted and CSF should be sent
for cell count, glucose, protein and culture or
specific antigen or nucleic acid tests for vi-
ruses, as well as culture for bacteria. Wheth-
er additional studies (e.g., culture for fungi
and mycobacteria) should be performed will
depend on the clinical presentation (see dis-
cussion above and individual topic cards).

Based upon the history, physical examina-
tion and CSF findings, patients can often be
classified as having probable bacterial or
viral meningitis, although overlap can be



frequent, particularly if bacterial meningitis
has been partially treated with previous anti-
biotics.

For patients with suspected bacterial men-
ingitis, antibiotics must be initiated prompt-
ly. The approach to empiric therapy in the
patient with viral meningitis will depend up-
on the clinical appearance of the patient and
underlying host factors. Elderly patients,
immunocompromised, or have received an-
tibiotics prior to presentation may be con-
sidered for empiric therapy for 48 hours,
even if viral meningitis is the suspected di-
agnosis. Otherwise, clinician can consider
patient observation without antibiotic.

If HIV was a diagnostic consideration,
then blood testing for HIV RNA and HIV
antibody should be performed. If aseptic
meningitis due to HSV was suspected (e.g.,
concomitant genital lesions), empiric thera-
py with acyclovir (10mg every 8 hours) can
be administered.

When etiology was not clear whether the
patient has a viral or bacterial process, we
recommend empiric antibiotics after obtain-
ing blood and CSF cultures or observation
with repeat lumbar puncture in 6 to 24 hrs. If
the patient was symptomatically improved
and culture results were negative, then anti-
biotics can generally be stopped without a
repeat LP. Repeated LPs may be indicated in
patients with persistent symptoms who did
not have a clear diagnosis.
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