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POLIOVIRUSES
ETIOLOGY
The polioviruses are nonenveloped, positive- stranded RNA viruses belonging to the Picornaviridae family, in the genus Enterovirus, species enterovirus C and consist of three antigenically distinct serotypes (types 1, 2, and 3). Polioviruses spread from the intestinal tract to the central nervous system (CNS), where they cause aseptic meningitis and poliomyelitis, or polio. The polioviruses are extremely hardy and can retain infectivity for several days at room temperature.
EPIDEMIOLOGY
In industrialized countries before universal vaccination, epidemics of paralytic poliomyelitis occurred primarily in adolescents. Conversely, in developing countries with poor sanitation, infection early in life results in infantile paralysis.
TRANSMISSION
Humans are the only known reservoir for polioviruses, which spread by the fecal–oral route. Poliovirus can be detected in feces from more than 2 weeks before paralysis until several weeks after symptom onset.
CLINICAL MANIFESTATIONS
· The incubation period of poliovirus from contact to initial clinical symptoms is usually considered to be 8- 12 days, with a range of 5- 35 days. 
· Poliovirus infections with wild- type virus may follow one of several courses: inapparent infection, which occurs in 90–95% of cases and causes no disease and no sequelae; abortive poliomyelitis,  non paralytic poliomyelitis ,or paralytic poliomyelitis. Paralysis, if it occurs, appears 3- 8 days after the initial symptoms. 

ABORTIVE POLIOMYELITIS is a mild, flu-like form of polio that occurs in about 5% of infected patients. It usually appears 1–2 weeks after infection and lasts only 2–3 days.
Main features:
· Fever
· Malaise/tiredness
· Loss of appetite
· Headache
· Sometimes sore throat
· Abdominal or muscle pain
· Occasional vomiting
Examination:
· May be normal, or show mild throat inflammation, abdominal/muscle tenderness, or weakness.
Outcome:
· Recovery is complete
· No neurologic signs
· No long-term complications or sequelae.

NONPARALYTIC POLIOMYELITIS
Frequency: Occurs in approximately 1% of infected patients.
Symptoms:
· Signs of abortive poliomyelitis are present.
· More intense headache, nausea, and vomiting.
· Soreness and stiffness of the posterior muscles of the neck, trunk, and limbs.
· Fleeting paralysis of the bladder and constipation are frequent.
Course: Approximately two thirds of children have a short symptom-free interlude between the first phase, minor illness, and the second phase, CNS disease or major illness.
Diagnosis: Nuchal rigidity and spinal rigidity are the basis for diagnosis during the second phase.
Physical examination:
· Nuchal-spinal signs are present.
· Superficial and deep reflexes may change.
· The anterior fontanel may be tense or bulging.
· Early reflexes are usually active unless paralysis develops.
· Increased or decreased reflexes may precede weakness by 12–24 hours.
· Tendon reflexes are absent with paralysis.
· Sensory defects do not occur in poliomyelitis.
PARALYTIC POLIOMYELITIS
Paralytic poliomyelitis develops in approximately 0.1% of persons infected with poliovirus,
 causing 3 clinically recognizable syndromes that represent a continuum of infection differentiated only by the portions of the CNS most severely affected. These are (1) Spinal Paralytic Poliomyelitis,(2) Bulbar Poliomyelitis, (3) Polioencephalitis. 
Spinal paralytic poliomyelitis
Course: Spinal paralytic poliomyelitis may occur as the second phase of a biphasic illness. The first phase resembles abortive poliomyelitis, followed by apparent recovery for 2–5 days, then severe headache, fever, and worsening systemic symptoms.
Early symptoms:
· Severe muscle pain.
· Paresthesia and hyperesthesia may occur.
· Fasciculations and muscle spasms may develop.
Pattern of paralysis:
· Paralysis is characteristically spotty.Single muscles, multiple muscles, or muscle groups may be affected in any pattern.
· Asymmetric flaccid paralysis or paresis usually develops within 1–2 days.
· One leg is most commonly affected, followed by one arm.
· Proximal muscles are affected more than distal muscles.
Physical examination:
· Nuchal stiffness or rigidity may be present.
· Muscle tenderness may be found.
· Deep tendon reflexes may be briefly hyperactive, then become diminished or absent.
· Paresis or flaccid paralysis may be present.
Muscle involvement: Weakness may involve muscles of the neck, abdomen, trunk, diaphragm, thorax, or extremities.
Sensation: Sensation is intact; sensory disturbances suggest a disease other than poliomyelitis.
Progression: The paralytic phase is variable. Some patients progress from paresis to paralysis, whereas others recover slowly or rapidly. The extent of involvement is usually obvious within 2–3 days, and progression beyond this interval is rare.
Bowel and bladder dysfunction: Dysfunction may range from transient incontinence to constipation and urinary retention, especially with paralysis of the lower limbs.
Recovery and sequelae: Progression stops once temperature returns to normal. Little recovery may be seen in the first days or weeks, but if recovery occurs, it is usually evident within 6 months. Strength and reflexes may continue improving for up to 18 months. Lack of improvement in the first several weeks or months usually indicates permanent paralysis. Limb atrophy, failure of growth, and deformity are common, especially in growing children.
Bulbar poliomyelitis: may occur without apparent spinal cord involvement. It mainly reflects dysfunction of the cranial nerves and medullary centers.
Clinical findings:
· Voice/cry changes: nasal twang due to palatal and pharyngeal weakness.
· Swallowing difficulty: inability to swallow smoothly with accumulation of saliva in the pharynx.Pharyngeal secretions: may cause irregular, interrupted respirations and may mimic intercostal or diaphragmatic weakness.
· Ineffective cough: shown by repeated tiring attempts to clear the throat.
· Nasal regurgitation: saliva and fluids may regurgitate through the nose due to palatal paralysis.
· Deviation: palate, uvula, or tongue may deviate.
· Medullary center involvement: irregular respiration, cardiovascular changes, blood pressure changes, flushing or mottling of skin, cardiac arrhythmias, and rapid temperature changes.
· Vocal cord paralysis: may cause hoarseness, aphonia, and possible asphyxia if not recognized and managed urgently.
· Rope sign: acute angulation between the chin and larynx due to hyoid muscle weakness.


Course and severity:
· Bulbar disease may rarely develop into ascending paralysis, progressing from the lower extremities upward.
· Hypertension and autonomic disturbances are common and may persist for a week or more or be transient.Hypertension may sometimes be followed by hypotension and shock.
· Severe cases may be associated with irregular or failed respiration, delirium, or coma and may be rapidly fatal.
· The course is variable: patients may die, recover partially with ongoing respiratory support, or recover completely.
Complications and sequelae:
· Cranial nerve involvement is seldom permanent.
· Muscle atrophy may be evident.
· Prolonged immobilization may lead to pneumonia.
· Renal stones may form due to hypercalcemia and hypercalciuria secondary to bone resorption.

Polioencephalitis: is a rare form of poliovirus disease in which the higher centers of the brain are severely involved.
Clinical manifestations:
· Seizures, coma, and spastic paralysis with increased reflexes may occur.
· Irritability, disorientation, drowsiness, and coarse tremors are often present.
· Peripheral or cranial nerve paralysis may coexist or develop later.
· The manifestations resemble encephalitis from any cause.
DIAGNOSIS
Poliomyelitis should be considered in any unimmunized or incompletely immunized child with paralytic disease. 
VAPP should be considered in any child with paralytic disease occurring 7- 14 days after receiving the orally administered polio vaccine (OPV).
 The combination of fever, headache, neck and back pain, asymmetric flaccid paralysis without sensory loss, and pleocytosis does not regularly occur in any other illness. The World Health Organization (WHO) recommends that the laboratory diagnosis of poliomyelitis be confirmed by isolation and identification of poliovirus in the stool.
In suspected cases of acute flaccid paralysis, two stool specimens should be collected 24- 48 hours apart as soon as possible after the diagnosis of poliomyelitis is suspected.
 


 DIFFERENTIAL DIAGNOSIS
Poliomyelitis should be considered in the differential diagnosis of any case of paralysis and is only one of many causes of acute flaccid paralysis (AFP) in children and adults.
 In most conditions, the clinical features are sufficient to differentiate between these various causes, but in some cases nerve conduction studies and electromyograms, in addition to muscle biopsies, may be required. The possibility of polio should be considered in any case of acute flaccid paralysis, even in countries where polio has been eradicated.
The diagnoses most often confused with polio are VAPP, West Nile virus infection, and infections caused by other enteroviruses (including EV-A71 and EV-D68), as well as Guillain- Barré syndrome, transverse myelitis, and traumatic paralysis.
 In Guillain- Barré syndrome, which is the most difficult to distinguish from poliomyelitis, the paralysis is characteristically symmetric, and sensory changes and pyramidal tract signs are common, contrasting with poliomyelitis. Fever, headache, and meningeal signs are less notable, and the CSF has few cells but an elevated protein content. 
Transverse myelitis progresses rapidly over hours to days, causing an acute symmetric paralysis of the lower limbs with concomitant anesthesia and diminished sensory perception.Autonomic signs of hypothermia in the affected limbs are common, and there is bladder dysfunction. The CSF is usually normal.
 Traumatic neuritis occurs from a few hours to a few days after the traumatic event, is asymmetric, is acute, and affects only one limb. Muscle tone and deep tendon reflexes are reduced or absent in the affected limb with pain in the gluteus. The CSF is normal. 
Conditions causing pseudoparalysis do not present with nuchal-spinal rigidity or pleocytosis. These causes include unrecognized trauma, transient (toxic) synovitis, acute osteomyelitis, acute rheumatic fever, scurvy.
Differential Diagnosis of Acute Flaccid Paralysis
	Cause
	Pattern of weakness
	Sensory symptoms
	Reflexes
	Key distinguishing features
	CSF pleocytosis

	Poliomyelitis / non-polio enteroviruses / West Nile virus
	Acute, asymmetric, proximal → distal
	Absent
	Reduced/
absent
	Fever or meningitic illness; residual weakness common
	Yes

	Guillain–Barré syndrome
	Acute, symmetric ascending weakness
	Present or variable
	Absent
	Often follows infection; facial weakness may occur
	Usually no*

	Rabies
	Acute, symmetric ascending paralysis
	Present
	Reduced/absent
	History of animal exposure; encephalitic features may develop
	Variable

	Transverse myelitis
	Acute, symmetric; mainly lower limbs
	Present with a sensory level
	Reduced early; may later become brisk
	Bladder/bowel dysfunction and spinal cord signs
	Yes




	Spinal cord compression/trauma
	Sudden or rapidly progressive; often complete below lesion
	Present with a sensory level
	Reduced early; later brisk
	Back pain, trauma, or compressive symptoms
	Usually no

	Epidural abscess
	Rapid weakness below spinal lesion
	Present
	Reduced early
	Fever, severe back pain and spinal tenderness
	May occur

	Traumatic sciatic neuritis
	Acute, unilateral leg paralysis
	Present
	Reduced in affected limb
	Follows gluteal intramuscular injection
	No

	Diphtheritic neuropathy
	Progressive weakness
	Present
	Reduced/absent
	Palatal paralysis, blurred vision; delayed onset after diphtheria
	Usually no

	Botulism
	Acute, symmetric descending paralysis
	Absent
	Often preserved initially
	Diplopia, fixed/dilated pupils, bulbar weakness; clear sensorium
	No

	Tick paralysis
	Acute, symmetric ascending paralysis
	Absent
	Reduced/absent
	Tick exposure; rapid improvement after tick removal
	No

	Myasthenia gravis
	Fluctuating, multifocal weakness
	Absent
	Normal
	Fatigability, ptosis, diplopia and bulbar weakness
	No

	Polymyositis
	Subacute, symmetric proximal weakness
	Absent
	Usually preserved
	Develops over weeks–months; raised muscle enzymes
	No

	Viral myositis
	Painful movement or pseudoparalysis
	Absent
	Normal
	Muscle pain and tenderness; often raised CK
	No

	Hypokalemic paralysis
	Sudden, symmetric proximal weakness
	Absent
	Reduced/absent
	Low serum potassium; often after a carbohydrate-rich meal
	No

	Critical illness polyneuropathy
	Symmetric limb and respiratory weakness
	Variable
	Reduced/absent
	Occurs during sepsis or critical illness
	No



*In Guillain–Barré syndrome, CSF classically shows albuminocytologic dissociation: increased protein with a normal or very low white-cell count.
Easy pattern recognition
· Asymmetric paralysis + no sensory loss: poliomyelitis or another anterior horn cell infection. 
· Symmetric ascending paralysis + absent reflexes: Guillain–Barré syndrome. 
· Descending paralysis + pupils/bulbar muscles involved: botulism. 
· Sensory level + bladder dysfunction: transverse myelitis or spinal cord compression. 
· Fluctuating weakness + normal sensation and reflexes: myasthenia gravis. 
· Sudden weakness + low potassium: hypokalemic paralysis. 
· Muscle pain + preserved reflexes: viral myositis.
TREATMENT
There is no specific antiviral treatment for poliomyelitis. However, pocapavir is  being developed potentially  for treatment of poliovirus and other enteroviral infections.
 The management is supportive and aimed at limiting progression of disease, preventing ensuing skeletal deformities, and preparing the child and family for the prolonged treatment required and for permanent disability if this seems likely. 
Patients with the nonparalytic and mildly paralytic forms of poliomyelitis may be treated at home.
 All intramuscular injections and surgical procedures are contraindicated during the acute phase of the illness, especially in the first week of illness, because they might result in progression of disease.
Abortive Poliomyelitis
Supportive treatment with analgesics, sedatives,  and bed rest until the child’s temperature is normal for several days is usually sufficient. Avoidance of exertion for the ensuing 2 weeks is desirable, and careful neurologic and musculoskeletal examinations should be performed 2 months later to detect any minor involvement.
Nonparalytic Poliomyelitis
Treatment for the nonparalytic form is similar to that for the abortive form; in particular, relief is indicated for the discomfort of muscle tightness and spasm of the neck, trunk, and extremities. Analgesics are more effective when they are combined with the application of hot packs for 15–30 minutes every 2–4 hours. Hot tub baths are sometimes useful. A firm bed is desirable and can be improvised at home by placing table leaves or a sheet of plywood beneath the mattress. A footboard or splint should be used to keep the feet at a right angle to the legs. Because muscular discomfort and spasm may continue for some weeks, even in the nonparalytic form, hot packs and gentle physical therapy may be necessary.
Patients with nonparalytic poliomyelitis should also be carefully examined 2 months after apparent recovery to detect minor residual effects that might cause postural problems in later years.
Paralytic Poliomyelitis
Most patients with the paralytic form of poliomyelitis require hospitalization with complete physical rest in a calm atmosphere for the first 2–3 weeks. Suitable body alignment is necessary for comfort and to avoid excessive skeletal deformity. A neutral position with the feet at right angles to the legs, the knees slightly flexed, and the hips and spine straight is achieved by use  of  light splint shells. The position should be changed every 3–6 hours. Active and passive movements are indicated as soon as the pain has disappeared. Moist hot packs may relieve muscle pain and spasm. Opiates and sedatives are permissible only if no impairment of ventilation is present or impending.
Constipation is common, and fecal impaction should be prevented 
 An orthopedist and a physiatrist should see patients as early in the course of the illness as possible and should assume responsibility for their care before fixed deformities develop.
 The management of pure bulbar poliomyelitis consists of maintaining the airway and avoiding all risk of inhalation of saliva, food, and vomitus. 
 In addition to close observation for respiratory insufficiency, the blood pressure should be measured at least twice daily because hypertension is not uncommon and occasionally leads to hypertensive encephalopathy. 
 COMPLICATIONS
Paralytic poliomyelitis may be associated with numerous complications. 
1.Acute gastric dilation may occur abruptly during the acute or convalescent stage, causing further respiratory embarrassment; immediate gastric aspiration and external application of ice bags are indicated. Melena severe enough to require transfusion may result from single or multiple superficial intestinal erosions; perforation is rare. 
2. Mild hypertension for days or weeks is common in the acute stage. Dimness of vision, headache, and a lightheaded feeling associated with hypertension should be regarded as premonitory of a frank convulsion.
3. Cardiac irregularities are uncommon, but electrocardiographic abnormalities suggesting myocarditis occur with some frequency. Acute pulmonary edema occurs occasionally, particularly in patients with arterial hypertension. 
4.In the later stages, because of immobilization, hypercalcemia, nephrocalcinosis, urinary calculi, especially when urinary stasis and infection are present. High fluid intake is the only effective prophylactic measure. 
5. Postpolio Syndrome:After an interval of 30–40 years, as many as 30–40% of persons who survived paralytic poliomyelitis in childhood may experience muscle pain and exacerbation of existing weakness or development of new weakness or paralysis. This syndrome, has been reported only in persons who were infected in the era of wild- type poliovirus circulation. Risk factors for postpolio syndrome include increasing length of time since acute poliovirus infection, presence of permanent residual impairment after recovery from acute illness, and female sex.
PROGNOSIS
Good prognosis:
· Inapparent infection, abortive poliomyelitis, and aseptic meningitis usually have a very good outcome.
· Death is extremely rare.
· Long-term sequelae usually do not occur.
Paralytic disease prognosis:
· Outcome depends mainly on the degree and severity of CNS involvement.
· Severe bulbar poliomyelitis may have mortality up to 60%.
· Less severe bulbar disease or spinal poliomyelitis has mortality around 5–10%.
· Maximum paralysis usually appears 2–3 days after the paralytic phase begins.
Recovery:
· Recovery usually continues for about 6 months.
· Paralysis that remains after this period is usually permanent.
Risk factors for worse outcome:
· Paralysis is more likely in male children and female adults.
· Mortality and disability are greater after puberty.
· Tonsillectomy may increase the risk of bulbar disease at time of illness.
· Intramuscular injections may increase the risk of localized disease.
· Increased physical activity, exercise, and fatigue early in illness may increase the risk of paralytic disease.
 PREVENTION
Vaccination is the only effective method of preventing poliomyelitis. Hygienic measures help to limit the spread of the infection among young children, but immunization is necessary to control transmission among all age groups. 





















GUILLAIN-BARRÉ SYNDROME
Overview: Guillain-Barré syndrome (GBS) is an acute immune-mediated postinfectious polyneuropathy affecting mainly motor nerves, with possible sensory and autonomic involvement. It affects all ages, is not hereditary, and may be demyelinating or axonal depending on the subtype and geographic pattern.
Common triggers:
· Gastrointestinal infection, especially Campylobacter jejuni; also Helicobacter pylori.
· Respiratory infection, especially Mycoplasma pneumoniae.
· Systemic infections such as cytomegalovirus, Epstein-Barr virus, Zika virus, COVID-19, Lyme disease, and West Nile virus.
· Rarely, GBS may follow vaccination, including rabies, influenza, and conjugated meningococcal vaccines.
Clinical manifestations:
· Onset usually occurs about 10 days after a nonspecific gastrointestinal or respiratory illness.
· Initial numbness and paresthesia are followed by progressive weakness.
· Weakness usually begins in the lower limbs and ascends to involve the trunk, upper limbs, and bulbar muscles.
· Weakness is usually symmetric and reaches maximal severity within 4 weeks.
· Radicular back pain, myalgia, irritability in children, facial weakness, dysphagia, and vocal cord involvement may occur.
· Bulbar weakness may lead to aspiration risk and respiratory insufficiency.
· Autonomic involvement may cause blood pressure instability, tachycardia, bradycardia, postural hypotension, or rarely asystole.
· Deep tendon reflexes are usually reduced or absent, although some children may retain reflexes.

Laboratory findings and diagnosis:
· CSF typically shows albuminocytologic dissociation: high protein with normal or very low white-cell count.
· CSF glucose is normal, cultures are negative, and pleocytosis should be absent or minimal.
· Findings may be normal during the first week of symptoms.
· Spinal MRI may show cauda equina or nerve-root thickening and gadolinium enhancement.
· Nerve conduction studies and electromyography support diagnosis by showing slowed conduction, conduction block, dispersed responses, or denervation.
· Antiganglioside antibodies may be present, especially in axonal forms.


Treatment:
· Early hospital admission is recommended because ascending weakness may rapidly cause respiratory failure or autonomic instability.
· Respiratory function should be monitored closely by bedside assessment or spirometry.
· Mild, slowly progressive weakness may be managed with observation and supportive care.
· Severe or rapidly progressive weakness is treated with IVIG, commonly 0.4 g/kg/day for 5 days or 1 g/kg/day for 2 days.
· Plasmapheresis may be used when IVIG is ineffective; immunosuppressive therapy may be considered in selected cases.
· Steroids are not effective for weakness but may help relieve pain.
· Supportive care includes respiratory support, nutrition, pressure sore prevention, constipation prevention, thrombosis prevention, pain control, and treatment of secondary infections.
· Neuropathic pain should be treated actively, using agents such as gabapentin and analgesics when necessary.
Prognosis:
· GBS is usually monophasic, and recovery often begins within 2-3 weeks but may take months.
· IVIG hastens recovery but does not usually change the long-term outcome.
· Most children regain full strength, although some may have residual weakness, often involving ankle dorsiflexion.
· Recovery usually occurs in reverse order of involvement: bulbar function improves first and lower-limb weakness last.
· Poor prognostic indicators include cranial nerve involvement, need for ventilatory support, and maximum disability at presentation.
· Fatigue is the most common long-term residual symptom.
· Relapse occurs in about 4% of children and is usually responsive to immunomodulatory treatment.
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