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Introduction and purpose:

Meningitis is a serious condition that requires quick diagnosis and rapid implementation of
appropriate treatment. Every primary care physician should be particularly alert to symptoms
that may suggest meningitis as the cause of a patient's complaints. The purpose of this article
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is to present the most common causes of meningitis, symptoms to which special attention
should be paid during diagnosis, and the treatment used.

State of knowledge:

Meningitis is an inflammatory process resulting from the penetration of microorganisms into
the cerebrospinal fluid - it can be caused by viruses, less commonly by bacteria, fungi, and
parasites. Infections usually occur as a result of generalized infections through the transfer of
pathogens via the bloodstream, although infections spreading through tissue continuity also
occur.

Summary:

Meningitis is an inflammatory process resulting from the penetration of microorganisms into
the cerebrospinal fluid - it can be caused by viruses, less commonly by bacteria, fungi, and
parasites. Characteristic symptoms suggesting infection of the meninges can aid in diagnosis.
Recognition of this clinical condition is a key element of diagnostics, as it requires absolute
hospitalization, determination of the cause, and implementation of intensive treatment, as
untreated meningitis can be associated with high mortality.

Keywords: meningitis, inflammatory disease, meningeal signs, lumbar puncture,
cerebrospinal fluid examination, TBEV, HSV

Historical Background

There are sources suggesting that even ancient physicians such as Hippocrates might have
been aware of the existence of meningitis. Tuberculous meningitis (once known as brain
dropsy) was first described by the English physician Robert Whytt in 1768 (unfortunately, he
did not demonstrate the link between the pathogen responsible for meningitis and
tuberculosis). It seems that the 18th century saw a significant increase in meningitis cases.
The first recorded serious outbreaks occurred in Geneva in 1805. Shortly thereafter, several
other epidemics were described in Europe and the United States, with the first report of an
epidemic in Africa appearing in 1840. Epidemics in Africa became widespread in the
twentieth century, starting with major outbreaks affecting Nigeria and Ghana between 1905
and 1908. In 1887, Austrian bacteriologist Albert Weischelbaum first described bacterial
infections underlying meningitis. Early reports indicated that the mortality rate due to
meningitis exceeded 90%. In 1906, horse-derived immune serum was produced and later
refined by American scientist Simon Flexner, significantly reducing the mortality rate from
meningococcal diseases. The effectiveness of penicillin in treating meningitis was noted in
1944. By the late 20th century, the introduction of the Haemophilus vaccine led to a marked
decrease in meningitis cases associated with this pathogen. It was not until 2002 that evidence
emerged showing that steroid treatment could improve the prognosis of bacterial meningitis 2.

General Symptoms

Symptoms accompanying central nervous system infections can include fever, photophobia,
weakness, severe throbbing headache, psychomotor agitation, altered consciousness, seizures,
paralysis, cold sores, vomiting and nausea, petechiae and skin hemorrhages (most commonly



on the limbs but can also occur on the torso and conjunctivae, suggesting meningococcal
meningitis).

As the disease progresses, signs of shock may appear (pale, cold, and sweaty skin, weakness,
balance disturbances, initial agitation followed by calmness and drowsiness, impaired
consciousness, and loss of consciousness) and multiple organ failure *#.

Meningeal Symptoms
The primary symptoms present in meningitis are meningeal signs. These are reflex reactions
that can be elicited in cases of meningeal irritation. The meningeal signs include the following.

1) Neck stiffness (nuchal rigidity) — Attempting to bring the chin to the chest in a patient
lying on their back results in a reflex contraction of the neck muscles, preventing the head
from bending forward and causing resistance and pain. The severity of neck stiffness is
measured by the distance between the chin and the patient's sternum. In extreme cases, the
tension of the long spinal muscles is so great that it causes spontaneous backward bending of
the head and forward arching of the torso (opisthotonus). This sign should be differentiated
from other causes of limited neck flexion (such as cervical spine degeneration, Parkinson's
disease, cervical lymphadenitis, severe pharyngitis). Before performing the test, ensure that
the patient does not have cervical spine instability (e.g., post-trauma or in the course of
rheumatoid arthritis) or is at risk of herniation *°.

2) Brudzinski's sign:

— Upper — Bringing the chin to the chest during the examination of neck stiffness triggers a
reflexive flexion of the lower limbs at the hip and knee joints.

— Lower — Pressing on the pubic symphysis triggers a reflexive flexion of the lower limbs at
the hip and knee joints.

3) Kernig's sign — The patient lies flat on their back; bend the patient's lower limb at the hip
joint to a 90° angle, then attempt to straighten it at the knee joint. If the sign is positive, a
reflex muscle contraction prevents the knee from extending, causing resistance and pain.
Kernig's sign is bilateral (unlike Laségue's sign in sciatica).

Examinations

After stabilizing the patient's condition, it is necessary to draw blood for culture (before
administering the first dose of antibiotics) and to collect cerebrospinal fluid to determine the
etiological factor. It is important to first rule out increased intracranial pressure, as performing
a lumbar puncture in such a state can cause herniation.

Lumbar Puncture
A lumbar puncture is a fundamental procedure for identifying the etiological agent causing

meningitis.

— Contraindications for lumbar puncture:



Absolute: Increased intracranial pressure (most commonly due to brain edema or a tumor).
Relative: Skin and tissue infection at the puncture site, spinal cord and spine developmental
abnormalities, coagulation disorders, suspected subarachnoid hemorrhage.

— Preparation for lumbar puncture:

Obtain patient consent for the medical procedure.

Assess coagulation status, discontinue anticoagulant medications.

Rule out increased intracranial pressure (based on fundoscopic examination - assessment of
optic disc edema - or CT scan - enlargement of fluid spaces, presence of tumors,
inflammatory changes, areas of brain edema).

— Patient position during lumbar puncture:

The patient lies on their side, close to the edge of the procedure table, with their back facing
the practitioner; the lower limbs are bent at the knee and hip joints, knees drawn to the
abdomen; the head is bent maximally toward the knees, the back, and shoulder line in a plane
perpendicular to the surface. Due to discomfort and the frequent lack of patient cooperation in
maintaining the correct position, assistance from additional medical personnel may be
necessary.

— Puncture site:
The intervertebral space between the spinous processes of L4 and LS or L3 and L4, not higher
than between L2 and L3, in the midline running through the peaks of the spinous processes of

the vertebrae or slightly lateral to it %7,

Interpretation of Cerebrospinal Fluid (CSF) Examination

Parameter Normal CSF Bacterial Viral Meningitis | Tuberculous
Meningitis Meningitis
Color and | Clear and | Yellow and | Clear and | Clear and
Clarity transparent cloudy transparent transparent
Cytosis <§/uL, mostly | Several, Several to | Dozens to
lymphocytes predominantly | hundreds, thousands,
neutrophils predominantly | predominantly
lymphocytes lymphocytes
Protein 0,15-0,45 g/L >2 g/ <2 g/L 1 g/L
Glucose 60-75 mg/dL Significantly No change or | Significantly
decreased slightly decreased
decreased
Chlorides >117 mmol/L Significantly No change or | Significantly
decreased slightly decreased
decreased
Lactic Acid <2,1 mmol/L Significant No change or [ Significant
increase slight increase increase




— Color and Clarity: Bacterial meningitis typically causes the CSF to become yellow and
cloudy, whereas in viral and tuberculous meningitis, the CSF remains clear and transparent.

— Cytosis: The presence and type of cells vary; bacterial meningitis shows an increase in
neutrophils, viral meningitis shows an increase in lymphocytes, and tuberculous meningitis
shows a significant increase in lymphocytes.

— Protein Levels: Elevated protein levels are a marker for bacterial and tuberculous meningitis,
with bacterial meningitis showing the highest increase.

— Glucose Levels: A significant decrease in glucose is a hallmark of bacterial meningitis,
while viral meningitis may show little to no change, and tuberculous meningitis shows a
slight decrease.

— Chlorides: Significant reduction in chloride levels is seen in bacterial and tuberculous
meningitis, with viral meningitis showing no or slight changes.

— Lactic Acid: A significant increase in lactic acid is indicative of bacterial and tuberculous
meningitis, whereas viral meningitis shows little to no change 8°.

Etiological Factors

1. Viruses

The most common cause of meningitis is viruses, including enteroviruses, mumps virus,
arboviruses (such as the tick-borne encephalitis virus), HSV (Herpes Simplex Virus), VZV
(Varicella Zoster Virus), EBV (Epstein-Barr Virus), CMV (Cytomegalovirus), HHV-6
(Human Herpesvirus 6), and adenoviruses. Meningeal infection typically occurs via the
hematogenous route during secondary viremia. Less commonly, viruses enter the central
nervous system through peripheral nerves. After infection, viruses replicate in the lymphoid
tissue of the upper respiratory tract or gastrointestinal tract, causing viremia—where they are
present in the blood and reach the central nervous system. The incubation period is usually
from a few to several days. Viral meningitis usually follows a biphasic course. In the first
phase, symptoms of upper respiratory tract infection or gastrointestinal tract infection (acute
diarrhea) appear. After a few days of apparent improvement, fever, chills, and symptoms
characteristic of meningeal involvement reappear: vomiting, headache, and neck stiffness.
These symptoms are accompanied by various neurological signs: irritability and
hypersensitivity to stimuli. Acute symptoms usually last for 3—4 days, then subside. The
course of viral meningitis is much milder compared to purulent meningitis. Below are the
specific viral strains that cause characteristic forms of meningitis '!!.

a) HSV (Herpes Simplex Virus)

Infection of the central nervous system (CNS) by the herpes simplex virus (HSV)
predominantly affects young individuals. HSV is widespread in the human population, with
infections ranging from asymptomatic to keratitis, herpes simplex, and encephalitis or
myelitis. In 1960, two types of HSV were identified based on antigenic differences. Both
types exhibit latency (typically in sensory ganglia) and reactivation and have a short
replication time.

— HSV-1 primarily causes lesions on the oral mucosa, conjunctivae, cornea, and face. It is the
most common cause of encephalitis in adults.



— HSV-2 has a particular affinity for the mucous membranes of the genitourinary tract and
anus and is the etiological agent responsible for mildly symptomatic lymphocytic meningitis.
Following primary infection, HSV can remain latent within sensory ganglia and nerves.
Reactivated virus or its genetic material migrates peripherally along sensory nerves.

Most CNS infections manifesting as encephalitis are thought to result from reactivation of the
latent virus. A peculiar and unexplained tendency is the more frequent localization of changes
in the left hemisphere. Herpes simplex encephalitis, although relatively rare, is considered the
most common cause of sporadic fatal encephalitis (200-500 deaths annually in the United
States).

Acyclovir is an additional drug used in treating herpes infections. It should be administered
via slow intravenous infusion at a dose of 10 mg/kg every 8 hours for 10-21 days. In mild

cases, oral administration is possible 1213,

b) TBEV (Tick-Borne Encephalitis Virus)

The tick-borne encephalitis virus (TBEV) belongs to the group of RNA viruses. Its main
vector is the common tick (Ixodes ricinus), in which the virus resides in the salivary glands
and enters the host's body upon tick bite. Initially, it localizes and replicates in lymph nodes,
then crosses the blood-brain barrier and affects regions of the central nervous system such as
the brainstem, cerebellum, basal ganglia, thalamus, and anterior horns of the spinal cord.

The diagnosis of tick-borne encephalitis should be considered in any patient presenting
symptoms such as altered consciousness, nausea and vomiting, headache, seizures,
photophobia, phonophobia, or tactile hypersensitivity, and who may have been exposed to
tick bites (or, less commonly, consumption of unpasteurized dairy products from infected
animals). The diagnostic method of choice is the quantitative determination of specific IgM
and IgG antibodies using enzyme-linked immunosorbent assay (ELISA) in the patient's
cerebrospinal fluid or serum. Imaging studies do not allow for a definitive diagnosis.

Patients who have had tick-borne encephalitis should be referred to neurological clinics (for
periodic neurological assessments, particularly sensitive to the occurrence of chronic
headache or memory disturbances), otolaryngological clinics (for early detection of possible
hearing loss), and should receive psychological care (due to the potential occurrence of
chronic fatigue and depressive thoughts).

Primary prevention of tick-borne encephalitis involves the use of personal protective
measures to prevent tick bites. The TBE vaccine is characterized by very high safety and
efficacy (in Austria, where vaccination coverage exceeds 80%, there are 1-2 cases of TBE per
100,000 persons per year). Adverse reactions following vaccination are rare.

Tick-borne encephalitis vaccination is recommended for all children after their first year of
life, especially for those who spend a lot of time outdoors, live in rural areas, have contact
with farm and domestic animals, are scouts, or participate in outdoor sports. Vaccination for
tick-borne encephalitis in children over 1 year of age involves administering three doses of
the vaccine. The second dose is given 1-3 months after the first, and the third dose 5-12
months after the second. Booster doses for children up to 15 years of age are given every 5

years 1413,



2. Bacteria

The etiology of bacterial meningitis depends on the age of the patient, local epidemiology,
and underlying factors predisposing to the disease, such as immunosuppression, diabetes, or
malnutrition. Bacterial meningitis can be classified into septic and aseptic forms. In newborns,
the most common etiological agents of bacterial meningitis are group B streptococci and
gram-negative rods (Escherichia coli, Proteus vulgaris, Pseudomonas aeruginosa).

In children older than 3 months, the most common bacteria responsible for bacterial
meningitis are Neisseria meningitidis, Streptococcus pneumoniae, Haemophilus influenzae,
and less frequently, Listeria monocytogenes. Aseptic meningitis can be caused by Borrelia
burgdorferi, Leptospira, Treponema pallidum, Francisella tularensis, Brucella, and
Mycobacterium tuberculosis. Infections often occur via the bloodstream.

Symptoms of bacterial meningitis appear suddenly, without preceding prodromal symptoms.
In rare cases, after a few days of illness, the patient may develop herpes labialis due to
immune deficiencies. Severe forms of bacterial meningitis may be accompanied by sepsis or
Waterhouse-Friderichsen syndrome (a shock-like state of severe sepsis characterized by fever,
disseminated intravascular coagulation (DIC), and skin petechiae) '17.

3. Tuberculosis

The etiological factor of tuberculous meningitis is Treponema pallidum. It is the most
common form of tuberculosis affecting the nervous system, typically occurring as a secondary
infection (3-6 months after primary infection). During the course of this disease, tuberculosis
bacilli spread hematogenously to the brain, where they form small inflammatory foci called
tubercles. Tuberculous meningitis is characterized by various types of neuropathological
changes: limited or diffuse acute caseous inflammation, single caseous foci, disseminated
tuberculomas, or limited or diffuse proliferative inflammation. The clinical picture is also
characterized by a diverse, atypical presentation consisting of three periods: prodromal,
irritative, and paralytic.

The prodromal period lasts from 7 days to even 3 months and is associated with nonspecific
prodromal symptoms (low-grade fever, drowsiness, apathy, excessive excitement, pallor,
fatigue, nausea, vomiting, headache). Towards the end of this period, neck stiffness or other
meningeal signs may be observed. During the irritative period, the meningeal syndrome
predominates (neck stiffness, Kernig's and Brudzinski's signs, photophobia, hyperacusis, lying
on the side with flexed legs or on the back with the head extended backward (opisthotonus)).
Symptoms may be accompanied by disturbances in pulse and breathing, seizures. Brain and
cranial nerve damage occurs during the paralytic period. Symptoms of increased intracranial
pressure worsen, headaches intensify, consciousness disturbances occur, seizures, limb
weakness (usually hemiparesis), and cranial nerve paralysis. In untreated cases, coma,
respiratory disturbances, and death can occur within a few weeks '%1°.

4. Fungi

Fungal meningitis is a relatively rare occurrence. In recent years, there has been an increase in
fungal meningitis in developed countries, likely due to the aging population. These infections
are secondary to primary inflammation occurring in other tissues or organs. Typically, the



cause of fungal infection is the weakening of the patient's immune system. In countries with a
high natural incidence, there is an increase in exogenous infections through the respiratory
system (Histioplasma capsulatum, Coccidioides immitis). Fungal meningitis is most
commonly caused by Cryptococcus neoformans and Coccidioides immitis. It is characteristic
that fungal inflammation progresses very slowly, subacutely, and chronically. Unlike bacterial
infection, fungal meningitis more often leads to hydrocephalus. Treatment involves

hospitalization and the use of antifungal drugs 2*-2!.

Monitoring

Effective patient monitoring involves frequent assessment and comparison of clinical status,
inflammatory changes in the cerebrospinal fluid (CSF), and blood culture. Further monitoring
depends on the etiological factor:

— Bacterial meningitis - assessment of glucose concentration increase in the cerebrospinal
fluid, decrease in CRP and procalcitonin concentration in serum.

— Fungal meningitis - assessment of fungal antigens in cerebrospinal fluid and blood.

Treatment

The approach to each type of meningitis involves osmotic and anti-inflammatory therapy
(intravenous dexamethasone 8-10mg every 6 hours for 2-4 days - with the first dose
administered 15 minutes before starting antibiotic therapy or simultaneously with it).
Mechanical ventilation should be considered to maintain PaCO2 in the range of 28-30 mm Hg.
Recently, there has been an emphasis on using barbiturates for osmotic therapy (e.g.,
intravenous infusion of thiopental 100/60 mg/h). However, it should be noted that despite
their cytoprotective and intracranial pressure-lowering effects, barbiturates also have a
depressive effect on the respiratory center.

In caring for patients with meningitis, particular attention should be paid to preventing and
treating complications such as cerebral edema, hypogammaglobulinemia, septic shock, and
disseminated intravascular coagulation (DIC) 2223,

Complications

The highest risk and severity of complications occur in cases of bacterial, tuberculous, and
fungal meningitis. The most common complications include status epilepticus, epilepsy,
hydrocephalus, cerebral edema, syndrome of inappropriate antidiuretic hormone secretion
(SIADH), weakness or spastic paralysis, cognitive impairment and speech disorders,
intellectual disability, and hearing impairment. Less common complications include brain
abscess, mycotic aneurysm, transverse myelitis, and sphincter dysfunction 2425,

Prognosis

The etiology of meningitis significantly affects the prognosis:

— Viral - prognosis is good, usually with mild course and no lasting effects, mortality <1%.

— Bacterial - prognosis is fair, with permanent neurological sequelae occurring in about 9% of
patients, mortality depends on the etiological factor (average 20%).



— Tuberculous - prognosis is fair, with permanent neurological sequelae occurring in about
40% of patients, mortality depends on delayed diagnosis and treatment initiation.
— Fungal - prognosis is poor, with high mortality 2%’

Summary

Meningitis is an inflammatory process resulting from the entry of microorganisms into the
cerebrospinal fluid - it can be caused by viruses, less frequently by bacteria, fungi, and
parasites. Characteristic symptoms suggesting meningitis infection can aid in diagnosis.
Recognition of this clinical condition is a key element of diagnosis, as it requires immediate
hospitalization, determination of the cause, and initiation of intensive treatment, as untreated
meningitis can be associated with high mortality.
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