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Etiology of Rabies
[bookmark: _GoBack]Rabies infection is caused by the rabies virus. Rabies virus belongs to the order Mononegavirales, viruses with a nonsegmented, negative-stranded RNA genomes. Within this group, viruses with a distinct “bullet” shape are classified in the Rhabdoviridae family, which includes at least three genera of animal viruses, Lyssavirus, Ephemerovirus, and Vesiculovirus. The virus is spread through the saliva of infected animals (Wunner, 2017). Infected animals can spread the virus by biting another animal or a person. In rare cases, rabies can be spread when infected saliva gets into an open wound or the mucous membranes, such as the mouth or eyes.
Rabies appears to have originated in the Old World, the first epizootic in the New World occurring in Boston in 1768. It spread from there, over the next few years, to various other states, as well as to the French West Indies, eventually becoming common all across North America. Gender and age differences in bite incidents; males and the children are affected the most.
Diagnosis
In animals, rabies is diagnosed using the direct fluorescent antibody (DFA) test, which looks for the presence of rabies virus antigens in brain tissue. In humans, several tests are required. A diagnosis of rabies can be made after detection of rabies virus from any part of the affected brain, but in order to rule out rabies, the test must include tissue from at least two locations in the brain, preferably the brain stem and cerebellum (Wunner, 2017). The test requires that the animal be euthanized.
In human beings, several tests are necessary to diagnose rabies ante-mortem (before death) in humans; no single test is sufficient. Tests are performed on samples of saliva, serum, spinal fluid, and skin biopsies of hair follicles at the nape of the neck. Saliva can be tested by virus isolation or reverse transcription followed by polymerase chain reaction (RT-PCR). Serum and spinal fluid are tested for antibodies to rabies virus. Skin biopsy specimens are examined for rabies antigen in the cutaneous nerves at the base of hair follicles.
IHC methods for rabies detection provide sensitive and specific means to detect rabies in formalin-fixed tissues. These methods are more sensitive than histologic staining methods, such as H&E and Sellers stains. Like the dFA test, these procedures use specific antibodies to detect rabies virus inclusions. The techniques use enzyme-labeling systems that increase sensitivity. In addition, monoclonal antibodies may be used to detect rabies virus variants.
The ultrastructure of viruses can be examined by electron microscopy. Using this method, the structural components of viruses and their inclusions can be observed in detail. Rabies virus is in the family of Rhabdoviruses. When viewed with an electron microscope Rhabdoviruses are seen as bullet-shaped particles.
Diagnostic tests
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Figure 1: electron microscope showing Rhabdoviruses as bullet-shaped particles
[image: ]
Figure 2: This slide shows a rabies-infected neuronal cell with intracytoplasmic inclusions. The red stain indicates areas of rabies viral antigen by using IHC or avidin-biotin complex (ABC) technique.
Pathophysiology
In most cases the disease is transmitted via the bite of rabid animals which shed infectious virus with their saliva. The virus enters the body through transdermal inoculation (i.e. wounds) or direct contact of infectious material (i.e. saliva, cerebrospinal liquid, nerve tissue) to mucous membranes or skin lesions. The virus cannot penetrate intact skin.
After entry the virus binds to cell receptors. Viruses may replicate within striated muscle cells ore directly infect nerve cells (Wunner, 2017). The virus then travels via retrograde axoplasmatic transport mechanisms to the central nervous system. Both motor and sensory fibres may be involved depending on the animal infected.
Once it has reached the CNS, rapid virus replication takes place, causing pathologic effects on nerve cell physiology. The virus then moves from the CNS via anterograde axoplasmic flow within peripheral nerves, leading to infection of some of the adjacent non-nervous tissues, for example, secretory tissues of salivary glands. The virus is widely disseminated throughout the body at the time of clinical onset. With shedding of infectious virus in saliva the infection cycle of rabies is completed.
Signs and symptoms
The incubation period (the time the virus spreads from the peripheral nerves near the site of the bite via the spinal cord to the brain ranges in general between 2 and 3 months (2 weeks to 6 years are reported) depending on the site of infliction, the amount of virus and the virus strain (Wunner, 2017).  Due to its neurotropism all known lyssaviruses cause severe neurological symptoms as a result of an acute encephalitis. Therefore, clinical signs in humans and animals are very similar.
The infection progresses in a predictable manner, from the initial prodormal phase to the manifest as furious or paralytic forms of rabies; the outcome is almost always fatal. In humans, after (bite) exposure with a rabid animal, initial symptoms of rabies are of non-specific nature and may be very similar to those of other infectious diseases including general weakness or discomfort, fever, or headache. A first specific clinical sign is neuropathic pain or a prickling or itching sensation at the site of the bite. Signs rapidly progress and include cerebral dysfunction, anxiety, confusion, agitation, delirium, abnormal behavior, hallucinations, and insomnia. Once clinical signs of rabies appear, without intensive care, death occurs within 2 weeks after onset of symptoms. There is no treatment available.
In animals Infected animals start developing nonspecific signs. Usually they stop eating and drinking, withdraw, may be lethargic, or showing fever, vomiting, and anorexia. Due to rapid progression of disease the animal may become vicious or begin to show signs of paralysis. Clinical signs include cerebral and cranial nerve dysfunction, ataxia, weakness, paralysis, seizures, difficulty breathing, difficulty swallowing, excessive salivation, abnormal behavior, and aggression.
Some rabid animals tend to get aggressive biting at anything, while others are being somnolent and only bite as soon as people get close to them in an attempt to look what is wrong with them. Rabies with atypical clinical signs is increasingly recognized and clinical signs of rabies may vary greatly from one animal to another. Once the animals show severe signs they die within 6 to 5 day.
Treatment
Favipiravir, another more recently approved drug that has been explored in rabies infection is favipiravir (T-705), a broad spectrum antiviral. Intracellular host enzymes convert favipiravir to its active form favipiravir-4-ribofuranosyl-5-triphosphate (T-705-RTP). Blood transfusion is also a way of treatment where there is transfer of blood from one person into the veins of another (Wunner, 2017).
Life expectations
Once a rabies infection is established, there's no effective treatment. Though a small number of people have survived rabies, the disease usually causes death. For that reason, if you think you've been exposed to rabies, you must get a series of shots to prevent the infection from taking hold. However, in healthy individuals this regimen can provide protection for up to 1 year from the date of vaccination. In the case of a rabies exposure before the second vaccination, the patient is recommended to receive a full course of PEP, with RIG in cases of severe exposure.
Tetanus
Etiology
Tetanus is caused by a toxin made by spores of bacteria, Clostridium tetani, found in soil, dust and animal feces (Patel & Mehta, 2019). When the spores enter a deep flesh wound, they grow into bacteria that can produce a powerful toxin, tetanospasmin. The toxin impairs the nerves that control your muscles (motor neurons). Tetanus has been regarded in history all through time, with documents noting tetanus symptoms found from 1500 BC in Ancient Egypt, but are thought to have been copied from as early as 3000 BC (Patel & Mehta, 2019).
On epidemiology it is stated that Case fatality rate ranges from 10-80% and is highest among infants and the elderly1. Worldwide - present in the environment. In 2001 an estimated 282,000 died worldwide from tetanus, mostly in Asia, Africa and South America (Patel & Mehta, 2019).
Diagnosis of tetanus
When diagnosing patients, perform a physical exam to check for symptoms of tetanus, such as muscle stiffness and painful spasms. Unlike many other diseases, tetanus is not generally diagnosed through laboratory tests. However, your doctor may still perform lab tests to help rule out diseases with similar symptoms. These include meningitis, a bacterial infection that affects the brain and spinal cord, or rabies, a viral infection that causes brain swelling. A doctor will also base a tetanus diagnosis on your immunization history. You’re at a higher risk of tetanus if you haven’t been immunized or if you’re overdue for a booster shot (Patel & Mehta, 2019).
Pathophysiology of tetanus toxin
By a mechanism similar to that of botulinum toxin, tetanus toxin is taken up into nerve terminals of lower motor neurons, the nerve cells that activate voluntary muscles. Tetanus toxin is a zinc-dependent metalloproteinase that targets a protein (synaptobrevin/vesicle-associated membrane protein—VAMP) that is necessary for the release of neurotransmitter from nerve endings through fusion of synaptic vesicles with the neuronal plasma membrane. The initial symptom of local tetanus infection may therefore be flaccid paralysis, caused by interference with vesicular release of acetylcholine at the neuromuscular junction, as occurs with botulinum toxin. However, unlike botulinum toxin, tetanus toxin undergoes extensive retrograde transport in the axons of lower motor neurons and thus reaches the spinal cord or brainstem. Here, the toxin is transported across synapses and taken up by nerve endings of inhibitory GABAergic and/or glycinergic neurons that control the activity of the lower motor neurons. Once inside inhibitory nerve terminals, tetanus toxin cleaves VAMP, thereby inhibiting the release of GABA and glycine. The result is a partial, functional denervation of the lower motor neurons, which leads to their hyperactivity and to increased muscle activity in the form of rigidity and spasms. It is not clear to what extent tetanus toxin in the spinal cord and brainstem is also taken up into excitatory nerve endings, such as those originating from the upper motor neurons, or those that convey impulses from the muscle spindles and constitute the sensory part of the simple, monosynaptic reflex arc of the tendon reflexes. Experiments in cats have shown tetanus toxin to augment central polysynaptic, but not monosynaptic, reflexes, suggesting a primary effect on inhibitory neurons. Studies in vitro and in vivo point to an early inhibition of inhibitory nerve endings and a later, or dose-dependent, involvement of excitatory nerve endings. A temporary reduction in the number of GABAergic nerve terminals has been seen after injection of tetanus toxin into eye muscles of cats; thus, the effect of tetanus toxin may be both biochemical and structural.
Symptoms
Tetanus affects the nerves that control your muscles, which can lead to difficulty swallowing. You may also experience spasms and stiffness in various muscles, especially those in your jaw, abdomen, chest, back, and neck. Other common tetanus symptoms are: fast heart rate, fever, sweating and high blood pressure. The incubation period — the time between exposure to the bacteria and the onset of illness — is between 3 and 21 days. Symptoms typically appear within 14 days Trusted Source of initial infection. Infections that occur faster after exposure are typically more severe and have a worse prognosis (Patel & Mehta, 2019).
Treatment
Treatment depends on the severity of your symptoms. Tetanus is typically treated with a variety of therapies and medications, such as: antibiotics such as penicillin to kill the bacteria in your system, tanus immune globulin (TIG) to neutralize the toxins that the bacteria have created in your body, muscle relaxers to control muscle spasms, a tetanus vaccine given along with the treatment (Patel & Mehta, 2019). Cleaning the wound to get rid of the source of the bacteria. In some cases, a surgical procedure called debridement is used to remove dead or infected tissue. If you have difficulty swallowing and breathing, you may need a breathing tube or ventilator (a machine that moves air in and out of the lungs). Vaccination can prevent tetanus infections, but only if you receive your booster shots on schedule.
 In the United States, the tetanus vaccine is given to children as part of the diphtheria-tetanus-pertussis shot, also called the DTap shot. This is a three-in-one vaccine that protects against diphtheria, pertussis, and tetanus. However, it doesn’t provide lifelong protection. Children need to get a booster shot at 11 or 12 years of age. Adults then need a booster vaccine called the Td vaccine (for tetanus and diphtheria) every 10 years.
Life expectations: Complications
Severe muscle spasms as a result of tetanus can also cause serious health complications, such as: breathing problems due to spasms of the vocal cords (laryngospasm) and spasms of the muscles that control breathing, pneumonia (an infection of the lungs), brain damage due to lack of oxygen, abnormal heart rhythm, bone fractures and fractures of the spine due to muscle spasms and convulsions and secondary infections due to prolonged hospital stays.
Trichinosis
Trichinosis is caused by the larvae of the Trichinella roundworm. The parasitic worm is often found in animals that eat meat. Pigs are one of the most common carriers of this parasite. The Trichinella roundworm is also commonly found in bears, foxes, and wild boars. According to the Centers for Disease Control and Prevention Trusted Source, approximately 10,000 cases of trichinosis are diagnosed every year around the world. Trichinosis is fairly rare in the United States since there are strict laws for meat processing and animal feed. In fact, only 16 trichinosis cases on average were reported each year from 2011 to 2015, with the disease most commonly seen in rural areas.
Pathophysiology of trichinosis
When a human or animal eats meat that contains infective Trichinella larvae, the acid in the stomach dissolves the hard covering of the cyst around the larvae and releases the worms. The worms pass into the small intestine and, in 1–2 days, become mature. After mating, adult females lay eggs. Eggs develop into immature worms, travel through the arteries, and are transported to muscles. Within the muscles, the worms curl into a ball and encyst (become enclosed in a capsule). The life cycle repeats when meat containing these encysted worms is consumed by another human or animal.
Signs and symptoms
The signs, symptoms, severity and duration of trichinellosis vary. Nausea, diarrhea, vomiting, fatigue, fever, and abdominal discomfort are often the first symptoms of trichinellosis. Headaches, fevers, chills, cough, swelling of the face and eyes, aching joints and muscle pains, itchy skin, diarrhea, or constipation may follow the first symptoms (Campbell, 2016). If the infection is heavy, patients may experience difficulty coordinating movements, and have heart and breathing problems. In severe cases, death can occur. For mild to moderate infections, most symptoms subside within a few months. Fatigue, weakness, muscle pain, and diarrhea may last for months.
Diagnosis
Trichinella larvae travel from the small intestine through the arteries to bury themselves inside muscle tissue, so stool sample tests don't often show evidence of the parasite. Your doctor can diagnose trichinella infection by performing a physical exam and discussing your signs and symptoms such as swelling around the eyes, muscle inflammation and fever (Campbell, 2016).
To confirm the diagnosis, your doctor might use these tests: Blood tests. Your doctor may take a blood sample and test it for signs suggesting trichinosis, an increase in the number of a certain type of white blood cell (eosinophils) or the formation of antibodies against the parasite after several weeks (Campbell, 2016). On Muscle biopsy, while a blood test typically is enough to establish a diagnosis, your doctor might also recommend a muscle biopsy. A small piece of muscle is removed and examined under a microscope to look for trichinella larvae. 
Treatment
Anti-parasitic medication is the first line of treatment for trichinosis. If the trichinella parasite is discovered early, albendazole (Albenza) or mebendazole (Emverm) can be effective in eliminating the worms and larvae in the intestine (Campbell, 2016). You may have mild gastrointestinal side effects during the course of treatment.
Pain relievers are also indicated. After muscle invasion, your doctor may prescribe pain relievers to help relieve muscle aches. Eventually, the larvae cysts in your muscles tend to calcify, resulting in destruction of the larvae and the end of muscle aches and fatigue (Campbell, 2016). Corticosteroids are indicated since some cases of trichinosis cause allergic reactions when the parasite enters muscle tissue or when dead or dying larvae release chemicals in your muscle tissue. Your doctor might prescribe a corticosteroid to control inflammation.
Life expectations: Complications
In rare cases, a severe Trichinella infection could lead to the following complications: myocarditis, which is an inflammation of the heart muscle (Campbell, 2016). encephalitis, which is an inflammation of the brain tissue meningitis, which is an inflammation of the membranes around the brain and spinal cord, bronchopneumonia, which is an inflammation of the lungs and airways, nephritis, which is a condition that causes the kidney to become inflamed, pneumonia, which is a lung infection that causes the air sacs in the lungs to become inflamed and sinusitis, which is a sinus infection that causes the sinuses and nasal passages to become inflamed. Though some of these conditions can be serious, they’re often detected during diagnostic testing, so treatment can be received fairly quickly (Campbell, 2016).
Typhoid Fever
Etiology 
Typhoid fever is caused by Salmonella enterica serotype Typhi bacteria. Typhoid fever is contracted by the ingestion of contaminated food or water. An estimated 11–21 million cases of typhoid fever and 200,000 deaths occur worldwide each year. An estimated five million cases of paratyphoid fever occur worldwide each year. In the United States, about 350 patients are diagnosed with typhoid fever and 90 patients are diagnosed with paratyphoid fever annually (Crump & Mintz, 2018). Typhoid fever is endemic in Asia, Africa, Latin America, the Caribbean, and Oceania, but 80% of cases come from Bangladesh, China, India, Indonesia, Laos, Nepal, Pakistan, or Vietnam. Within those countries, typhoid fever is most common in underdeveloped areas.
Pathophysiology of typhoid fever
Typhoid is an infection caused by the bacterium Salmonella typhimurium (S. typhi). The bacterium lives in the intestines and bloodstream of humans. It spreads between individuals by direct contact with the feces of an infected person (Crump & Mintz, 2018). No animals carry this disease, so transmission is always human to human. If untreated, around 1 in 5 cases of typhoid can be fatal. With treatment, fewer than 4 in 100 cases are fatal. S. typhi enters through the mouth and spends 1 to 3 weeks in the intestine. After this, it makes its way through the intestinal wall and into the bloodstream. From the bloodstream, it spreads into other tissues and organs. The immune system of the host can do little to fight back because S. typhi can live within the host’s cells, safe from the immune system. Typhoid is diagnosed by detecting the presence of S. typhi via blood, stool, urine, or bone marrow sample.
Signs and symptoms
Symptoms normally begin between 6 and 30 days after exposure to the bacteria. Pain areas: in the abdomen or muscles (Crump & Mintz, 2018). Gastrointestinal: bloating, constipation, diarrhea, nausea, or vomiting. Whole body: fatigue, fever, chills, loss of appetite, or malaise. Also common: headache, muscle weakness, rose spots, skin rash, or weight loss.
Diagnosis
A diagnosis of typhoid fever can usually be confirmed by analysing samples of blood, poo (stools) or pee (urine). These will be examined under a microscope for the Salmonella typhi bacteria that cause the condition. The bacteria aren't always detected the first time, so you may need to have a series of tests (Crump & Mintz, 2018). Slide agglutination test and tube agglutination tests were used for the determination of antibody titer. An antibody titer of ≥1:80 for anti TO and ≥1:160 for anti TH were taken as a cut of value to indicate recent infection of typhoid fever.
Treatment
The only effective treatment for typhoid is antibiotics. The most commonly used are ciprofloxacin (for non-pregnant adults) and ceftriaxone. Other than antibiotics, it is important to rehydrate by drinking adequate water (Crump & Mintz, 2018). In more severe cases, where the bowel has become perforated, surgery may be required. Countries with less access to clean water and washing facilities typically have a higher number of typhoid cases. On Vaccination: Orally: a live, attenuated vaccine is indicated. Consists of 4 tablets, one to be taken every second day, the last of which is taken 1 week before travel. Shot, an inactivated vaccine, administered 2 weeks before travel.
Complications
 They include Inflammation of the heart Muscle-Myocarditis, inflammation of the heart and Valves-Endocarditis, inflammation of the pancreas- Pancreatitis, lung infection such as Pneumonia, Kidney or Bladder infections and Infection and inflammation of the protective membranes covering the brain and spinal Cord-Meningitis (Crump & Mintz, 2018).
Tularemia
Etiology
Tularemia is caused by the bacterium Francisella tularensis. Most cases occur from being bitten by flies or ticks carrying the bacterium or from exposure to tissue from an animal infected with the bacteria (Sjöstedt, 2017). Tularemia has been found in >100 animal species including rabbits, muskrats, squirrels and beavers. In the United States, ticks that transmit tularemia to humans include the dog tick (Dermacentor variabilis), the wood tick (Dermacentor andersoni), and the lone star tick (Amblyomma americanum). Deer flies (Chrysops spp.) have been shown to transmit tularemia in the western United States.
Signs and symptoms
Ulceroglandular: This is the most common form of tularemia and usually occurs following a tick or deer fly bite or after handing of an infected animal. A skin ulcer appears at the site where the bacteria entered the body. The ulcer is accompanied by swelling of regional lymph glands, usually in the armpit or groin (Sjöstedt, 2017).
Glandular Similar to ulceroglandular tularemia but without an ulcer. Also generally acquired through the bite of an infected tick or deer fly or from handling sick or dead animals.
Oculoglandular: This form occurs when the bacteria enter through the eye. This can occur when a person is butchering an infected animal and touches his or her eyes. Symptoms include irritation and inflammation of the eye and swelling of lymph glands in front of the ear.
Oropharyngeal This form results from eating or drinking contaminated food or water. Patients with orophyangeal tularemia may have sore throat, mouth ulcers, tonsillitis, and swelling of lymph glands in the neck.
Pneumonic This is the most serious form of tularemia. Symptoms include cough, chest pain, and difficulty breathing. This form results from breathing dusts or aerosols containing the organism. It can also occur when other forms of tularemia (e.g. ulceroglandular) are left untreated and the bacteria spread through the bloodstream to the lungs.
Typhoidal: This form is characterized by any combination of the general symptoms (without the localizing symptoms of other syndromes.
Pathophysiology
The bacterium that causes tularemia is highly infectious and can enter the human body through the skin, eyes, mouth, or lungs. Symptoms of infection vary depending on the route of entry. Usual sources of infection are described below. Transmission of tularemia from person to person has not been reported.
Tularemia is caused by the highly infectious gram-negative coccobacillus Francisella tularensis. Infection can occur with a small number of organisms and through a variety of entry sites, including inhalation, direct contact with non-intact skin or mucous membranes, ingestion or via the bite of a tick or fly vector (Sjöstedt, 2017).
In Pneumonic Tularemia, Organisms enter the lungs either through inhalation of infectious aerosols or through hematogenous spread. The infectious dose by the respiratory route is 10 to 50 organisms. Once in the lungs, the organisms enter pulmonary macrophages within minutes and begin replicating. The explosive replicative capacity of F tularensis appears to be an important factor in virulence associated with pulmonary infection. An intense accumulation of inflammatory cells, particularly neutrophils and macrophages, can be seen at sites of bacterial replication. The influx of neutrophils appears to play more of a destructive than protective role in the host response.
Diagnosis
Tularemia can be difficult to diagnose. It is a rare disease, and the symptoms can be mistaken for other, more common, illnesses. For this reason, it is important to share with your health care provider any likely exposures, such as tick and deer fly bites, or contact with sick or dead animals (Sjöstedt, 2017).
Treatment
Antibiotics used to treat tularemia include streptomycin, gentamicin, doxycycline, and ciprofloxacin. Treatment usually lasts 10 to 21 days depending on the stage of illness and the medication used. Although symptoms may last for several weeks, most patients completely recover (Sjöstedt, 2017).
Life expectations: complications
 The complications expected include Inflammation of the lungs (pneumonia), Infection around the brain and spinal cord (meningitis), Irritation around the heart (pericarditis and bone infection (osteomyelitis).
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