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INTRODUCTION

Tuberculosis (TB) is a bacterial infection caused by a germ called Mycobacterium tuberculosis. The bacteria usually attack the lungs, but they can also damage other parts of the body. TB spreads through the air when a person with TB of the lungs or throat coughs, sneezes or talks. If you have been exposed, you should go to your doctor for tests. You are more likely to get TB if you have a weak immune system. If not treated properly, TB can be deadly. You can usually cure active TB by taking several medicines for a long period of time. People with latent TB can take medicine so that they do not develop active TB.

ANTITUBERCULAR DRUGS
ISONIAZID
Isoniazid is recommended for all forms of tuberculosis in which organisms are susceptible. However, active tuberculosis must be treated with multiple concomitant antituberculosis medications to prevent the emergence of drug resistance. Single-drug treatment of active tuberculosis with isoniazid, or any other medication, is inadequate therapy. Isoniazid is recommended as preventive therapy for the following groups, regardless of age.

1. Persons with human immunodeficiency virus (HIV) infection ( 5 mm) and persons with risk factors for HIV infection whose HIV infection status is unknown but who are suspected of having HIV infection. 

Preventive therapy may be considered for HIV infected persons who are tuberculin-negative but belong to groups in which the prevalence of tuberculosis infection is high. candidates for preventive therapy who have HIV infection should have a minimum of 12 months of therapy.

2. Close contacts of persons with newly diagnosed infectious tuberculosis  5 mm). In addition, tuberculinnegative (< 5 mm) children and adolescents who have been close contacts of infectious persons within the past 3 months are candidates for preventive therapy until a repeat tuberculin skin test is done 12 weeks after contact with the infectious source. If the repeat skin test is positive (> 5 mm), therapy should be continued. 

3. Recent converters, as indicated by a tuberculin skin test ( 10 mm increase within a 2 -year period for those < 35 years old  15 mm increase for those  35 years of age). All infants and children younger than 4 years of age with a > 10 mm skin test are included in this category. 

4. Persons with abnormal chest radiographs that show fibrotic lesions likely to represent old healed tuberculosis (  5 mm). Candidates for preventive therapy who have fibrotic pulmonary lesions consistent with healed tuberculosis or who have pulmonary silicosis should have 12 months of isoniazid or 4 months of isoniazid and rifampin, concomitantly. 

5. Intravenous drug users known to be HIV-seroneg-ative ( > 10 mm). 

6. Persons with the following medical conditions that have been reported to increase the risk of tuberculosis (10 mm): silicosis; diabetes mellitus; prolonged therapy with adrenocorticosteroids; immunosuppressive therapy; some hematologic and reticuloendothelial diseases, such as leukemia or Hodgkin's disease; end-stage renal disease clinical situations associated with substantial rapid weigh loss or chronic undernutrition (including: intestinal bypass surgery for obesity, the postgastrectomy state (with or without weight loss), chronic peptic ulcer disease, chronic malabsorption syndromes, and carcinomas of the oropharynx and upper gastrointestinal tract that preven adequate nutritional intake). Candidates for preventive therapy who have fibrotic pulmonary lesions consistent with healed tuberculosis or who have pulmonary silicosis should have 12 months of isoniazid or 4 months of isoniazid and rifampin, concomitantly. 

DOSAGE 
Adults: 5mg/kg up to 300 mg daily in a single dose; or 15 mg/kg up to 900 mg/day, two or three times/week. 

Children: 10-15 mg/kg up to 300 mg daily in a single dose; or 20-40 mg/kg up to 900 mg/day, two or three times/week.

Patients with Pulmonary Tuberculosis Without HIV Infection: There are 3 regimen options for the initial treatment of tuberculosis in children and adults: 

Option1: Daily isoniazid, rifampin, and pyrazinamide for 8 weeks followed by 16 weeks of isoniazid and rifampin daily or 2-3 times weekly. Ethambutol or streptomycin should be added to the initial regimen until sensitivity to isoniazid and rifampin is demonstrated. The addition of a fourth drug is optional if the relative prevalence of isoniazid-resistant Mycobacterium tuberculosis isolates in the community is less than or equal to four percent. 

Option 2: Daily isoniazid, rifampin, pyrazinamide, and streptomycin or ethambutol for 2 weeks followed by twice weekly administration of the same drugs for 6 weeks, subsequently twice isoniazid and rifampin for 16 weeks. 

Option 3: Three times weekly with isoniazid rifampin, pyrazinamide, and ethambutol or streptomycin for 6 months. 

All regimen given twice weekly or 3 times weekly should be administered by directly observed therapy (see also Directly Observed Therapy below).

The above treatment guidelines apply only when the disease is caused by organisms that are susceptible to the standard antituberculous agents. Because of the impact o resistance to isoniazid and rifampin on the response to therapy, it is essential that physicians initiating therapy for tuberculosis be familiar with the prevalence of drug resistance in their communities. It is suggested that ethambutol not be used in children whose visual acuity cannot be monitored.

Patients with Pulmonary Tuberculosis and HIV lnfection: The response of the immunologically impaired host to treatment may not be as satisfactory as that of a person with normal host responsiveness. For this reason, therapeutic decisions for the impaired host must be individualized. Since patients co -infected with HIV may have problems with malabsorption, screening of antimycobacterial drug levels especially in patients with advanced HIV disease, may be necessary to prevent the emergence of MDRTB.

Patients with Extra Pulmonary Tuberculosis: The basic principles that underlie the treatment of pulmonary tuberculosis also apply to Extra pulmonary forms of the disease. Although there have not been the same kinds of carefully conducted controlled trials of treatment of Extra pulmonary tuberculosis as for pulmonary disease, increasing clinical experience indicates that a 6 to 9 month short-course regimen is effective. Because of the insufficient data, miliary tuberculosis, bone/joint tuberculosis, and tuberculous meningitis in infants and children should receive 12 month therapy.

Bacteriologic evaluation of Extra pulmonary tuberculosis may be limited by the relative inaccessibility of the sites of disease. Thus, response to treatment often must be judged on the basis of clinical and radiographic findings.

The use of adjunctive therapies such as surgery and corticosteroids is more commonly required in Extra pulmonary tuberculosis than in pulmonary disease Surgery may be necessary to obtain specimens for diagnosis and to treat such processes as constrictive pericarditis and spinal cord compression from Pott's Disease. Corticosteroids have been shown to be of benefit in preventing cardiac constriction from tuberculous pericarditis and in decreasing the neurologic sequelae of all stages of tuberculosis meningitis, especially when administered early in the course of the disease.

Pregnant Women with Tuberculosis: The options listed above must be adjusted for the pregnant patient Streptomycin interferes with in utero development of the ear and may cause congenital deafness. Routine use of pyrazinamide is also not recommended in pregnancy because of inadequate teratogenicity data. The initial treatment regimen should consist of isoniazid and rifampin Ethambutol should be included unless primary isoniazid resistance is unlikely (isoniazid resistance rate documented to be less than 4%). 

Treatment of Patients with Multi-Drug Resistan Tuberculosis (MDRTB): Multiple-drug resistant tuberculosis (i.e., resistance to at least isoniazid and rifampin) presents difficult treatment problems. Treatment must be individualized and based on susceptibility studies. In such cases, consultation with an expert in tuberculosis is recommended.

Directly Observed Therapy (DOT): A major cause of drugresistant tuberculosis is patient non -compliance with treatment. The use of DOT can help assure patient compliance with drug therapy. DOT is the observation of the patient by a health care provider or other responsible person as the patient ingests antituberculosis medications. DOT can be achieved with daily, twice weekly or thrice weekly regimens, and is recommended for all patients.

For Preventative Therapy of Tuberculosis 

Before isoniazid preventive therapy is initiated, bacteriologically positive or radiographically progressive tuberculosis must be excluded. Appropriate evaluations should be performed it Extra pulmonary tuberculosis is suspected.

Adults over 30 Kg: 300 mg per day in a single dose.

Infants and Children: 10 mg/kg (up to 300 mg daily) in a single dose. In situations where adherence with daily preventative therapy cannot be assured, 20-30 mg/kg (not to exceed 900 mg) twice weekly under the direct observation of a health care worker at the time of administration. 
SIDE EFFECT
Peripheral neuropathy is the most common toxic effect. It is dose-related, occurs most often in the malnourished and in those predisposed to neuritis (e.g., alcoholics and diabetics), and is usually preceded by paresthesias of the feet and hands. The incidence is higher in "slow inactivators". 

Other neurotoxic effects, which are uncommon with conventional doses, are convulsions, toxic encephalopathy, optic neuritis and atrophy, memory impairment, and toxic psychosis. 

The most frequent reactions are those affecting the nervous system and the liver. 

Nervous System Reactions 

Peripheral neuropathy is the most common toxic effect. It is dose-related, occurs most often in the malnourished and in those predisposed to neuritis (e.g., alcoholics and diabetics), and is usually preceded by paresthesias of the feet and hands. The incidence is higher in "slow inactivators". 

Other neurotoxic effects, which are uncommon with conventional doses, are convulsions, toxic encephalopathy, optic neuritis and atrophy, memory impairment, and toxic psychosis. 

Hepatic reactions: 

 Elevated serum transaminase (SGOT SGPT), bilirubinemia, bilirubinuria, jaundice, and occasionally severe and sometimes fatal hepatitis. The common prodromal symptoms of hepatitis are anorexia nausea, vomiting, fatigue, malaise, and weakness. Mild hepatic dysfunction, evidenced by mild and transient elevation of serum transaminase levels occurs in 10 to 20 percent of patients taking isoniazid. This abnormality usually appears in the first 1 to 3 months of treatment but can occur at any time during therapy. In most instances enzyme levels return to normal, and generally, there is no necessity to discontinue medication during the period of mild serum transaminase elevation. In occasiona instances, progressive liver damage occurs, with accompanying symptoms. If the SGOT value exceeds three to five times the upper limit of normal, discontinuation of the isoniazid should be strongly considered. The frequency of progressive liver damage increases with age It is rare in persons under 20, but occurs in up to 2.3 percent of those over 50 years of age. 

Gastrointestinal Reactions 

Nausea, vomiting, and epigastric distress.

Hematologic Reactions 

Agranulocytosis; hemolytic, sideroblastic, or aplastic anemia, thrombocytopenia; and eosinophilia. 

Hypersensitivity Reactions 

Fever, skin eruptions (morbilliform, maculopapular, purpuric, or exfoliative), lymphadenopathy, and vasculitis. Metabolic And Endocrine Reaction: Pyridoxine deficiency, pellagra, hyperglycemia, metabolic acidosis, and gynecomastia. 

Miscellanous Reactions 

Rheumatic syndrome and systemic lupus erythematosus like syndrome. 
DRUG INTERACTION
Food: Isoniazid should not be administered with food. Studies have shown that the bioavailability of isoniazid is reduced significantly when administered with food.

Acetaminophen: A report of severe acetaminophen toxicity was reported in a patient receiving Isoniazid. It is believed that the toxicity may have resulted from a previously unrecognized interaction between isoniazid and acetaminophen and a molecular basis for this interaction has been proposed. However, current evidence suggests that isoniazid does induce P-450IIE1, a mixed-function oxidase enzyme that appears to generate the toxic metabolites, in the liver. Furthermore it has been proposed that isoniazid resulted In induction of P-450IIE1 in the patients liver which, in turn, resulted in a greater proportion of the ingested acetaminophen being converted to the toxic metabolites. Studies have demonstrated that pretreatment with isoniazid potentiates a cetaminophen hepatoxicity in rats.

Carbamazepine: Isoniazid is known to slow the metabolism of carbamazepine and increase its serum levels Carbamazepine levels should be determined prior to concurrent administration with isoniazid, signs and symptoms of carbamazepine toxicity should be monitored closely, and appropriate dosage adjustment of the anticonvulsant should be made. 

Ketoconazole: Potential interaction of Ketoconazole and Isoniazid may exist. When Ketoconazole is given in combination with isoniazid and rifampin the AUC of ketoconazole is decreased by as much as 88% after 5 months of concurrent Isoniazid and Rifampin therapy. 

Phenytoin: Isoniazid may increase serum levels of phenytoin. To avoid phenytoin intoxication, appropriate adjustment of the anticonvulsant should be made. 

Therophylline: A recent study has shown that concomitan administration of isoniazid and theophylline may cause elevated plasma levels of theophylline, and in some instances a slight decrease in the elimination of isoniazid. Since the therapeutic range of theophylline is narrow theophylline serum levels should be monitored closely, and appropriate dosage adjustments of theophylline should be made. 

Valproate: A recent case study has shown a possible increase in the plasma level of valproate when co administered with isoniazid. Plasma valproate concentration should be monitored when isoniazid and valproate are co administered, and appropriate dosage adjustments of valproate should be made. 

PRECAUTION
All drugs should be stopped and an evaluation made at the first sign of a hypersensitivity reaction. If isoniazid therapy must be reinstituted, the drug should be given only after symptoms have cleared. The drug should be restarted in very small and gradually increasing doses and should be withdrawn immediately if there is any indication of recurren hypersensitivity reaction. 

Use of isoniazid should be carefully monitored in the following: 

1. Daily users of alcohol. Daily ingestion of alcohol may be associated with a higher Incidence of+ isoniazid hepatitis. 

2. Patients with active chronic liver disease or severe renal dysfunction. 

3. Age > 35 

4. Concurrent use of any chronically administered medication. 

5. History of previous discontinuation of isoniazid. 

6. Existence of peripheral neuropathy or conditions predisposing to neuropathy 

7. Pregnancy 

8. Injection drug use. 

9. Women belonging to minority groups, particularly in the post-partum period. 

10. HIV seropositive patients. 

Laboratory Tests:
Because there is a higher frequency of isoniazid associated hepatitis among certain patient groups, including Age > 35 daily users of alcohol, chronic liver disease, injection drug use and women belonging to minority groups, particularly in the post-partum period, transaminase measurements should be obtained prior to starting and monthly during preventative therapy, or more frequently as needed. If any of the values exceed three to five times the upper limit of normal isoniazid should be temporarily discontinued and consideration given to restarting therapy.

Drug Interactions 

Food: Isoniazid should not be administered with food. Studies have shown that the bioavailability of isoniazid is reduced significantly when administered with food.

Acetaminophen: A report of severe acetaminophen toxicity was reported in a patient receiving Isoniazid. It is believed that the toxicity may have resulted from a previously unrecognized interaction between isoniazid and acetaminophen and a molecular basis for this interaction has been proposed. However, current evidence suggests that isoniazid does induce P-450IIE1, a mixed-function oxidase enzyme that appears to generate the toxic metabolites, in the liver. Furthermore it has been proposed that isoniazid resulted In induction of P-450IIE1 in the patients liver which, in turn, resulted in a greater proportion of the ingested acetaminophen being converted to the toxic metabolites. Studies have demonstrated that pretreatment with isoniazid potentiates a cetaminophen hepatoxicity in rats.

Carbamazepine: Isoniazid is known to slow the metabolism of carbamazepine and increase its serum levels Carbamazepine levels should be determined prior to concurrent administration with isoniazid, signs and symptoms of carbamazepine toxicity should be monitored closely, and appropriate dosage adjustment of the anticonvulsant should be made. 

Ketoconazole: Potential interaction of Ketoconazole and Isoniazid may exist. When Ketoconazole is given in combination with isoniazid and rifampin the AUC of ketoconazole is decreased by as much as 88% after 5 months of concurrent Isoniazid and Rifampin therapy. 

Phenytoin: Isoniazid may increase serum levels of phenytoin. To avoid phenytoin intoxication, appropriate adjustment of the anticonvulsant should be made. 

Therophylline: A recent study has shown that concomitan administration of isoniazid and theophylline may cause elevated plasma levels of theophylline, and in some instances a slight decrease in the elimination of isoniazid. Since the therapeutic range of theophylline is narrow theophylline serum levels should be monitored closely, and appropriate dosage adjustments of theophylline should be made. 

Valproate: A recent case study has shown a possible increase in the plasma level of valproate when co administered with isoniazid. Plasma valproate concentration should be monitored when isoniazid and valproate are co administered, and appropriate dosage adjustments of valproate should be made. 

Carcinogenesis and Mutagenesis
Isoniazid has been shown to induce pulmonary tumors in a number of strains of mice. Isoniazid has not been shown to be carcinogenic in humans. (Note: a diagnosis of mesathelioma in a child with prenatal exposure to isoniazid and no other apparent risk factors has been reported). Isoniazid has been found to be weakly mutagenic in strains TA100 and TA 1535 of Salmonella typhimurim (Ames assay) without metabolic activation.

Pregnancy
Teratogenic effects: Pregnancy Category C. Isoniazid has been shown to have an embryocidal effect in rats and rabbits when given orally during pregnancy. Isoniazid was not teratogenic in reproduction studies in mice, rats and rabbits. There are no adequate and well-controlled studies in pregnant women. Isoniazid should be used as a treatment for active tuberculosis during pregnancy because the benefit justifies the potential risk to the fetus. The benefit of preventative therapy also should be weighed against a possible risk to the fetus. Preventive therap generally should be started after delivery to prevent putting the fetus at risk of exposure; the low levels of isoniazid in breast milk do not threaten the neonate. Since isoniazid is known to cross the placental barrier, neonates of isoniazid treated mothers should be carefully observed for any evidence of adverse affects. 

Nonteratogenic effects: Since isoniazid is known to cross the placental barrier, neonates of isoniazid-treated mothers should be carefully observed for any evidence of adverse effects. 

Nursing Mothers: 

The small concentrations of isoniazid in breast milk do not produce toxicity in the nursing newborn therefore, breast feeding should not be discouraged. However, because levels of isoniazid are so low in breast milk, they can not be relied upon for prophylaxis or therapy of nursing infants. 
CONTRAINDICATION
Isoniazid is contraindicated in patients who develop severe hypersensitivity reactions, including drug -induced hepatitis; previous isoniazid-associated hepatic injury; severe adverse reactions to isoniazid such as drug fever, chills, arthritis; and acute liver disease of any etiology. 
CLINICAL PHARMACOLOGY
50 percent or less within 6 hours. It diffuses readily into all body fluids (cerebrospinal, pleural, and ascitic fluids), tissues, organs, and excreta (saliva, sputum, and feces). The drug also passes through the placental barrier and into milk in concentrations comparable to those in the plasma. From 50 to 70 percent of a dose of isoniazid is excreted in the urine within 24 hours.

Isoniazid is metabolized primarily by acetylation and dehydrazination. The rate of acetylation is genetically determined.

Approximately 50 percent of Blacks and Caucasians are "slow inactivators", and the rest are "rapid inactivators"; the majority of Eskimos and Orientals are "rapid inactivators." 

The rate of acetylation does not significantly alter the effectiveness of isoniazid. However, slow acetylation may lead to higher blood levels of the drug and thus, to an increase in toxic reactions.

Pyridoxine (vitamin B6) deficiency is sometimes observed in adults with high doses of isoniazid and is considered probably due to its competition with pyridoxal phosphate for the enzyme apotryptophanase.

Mechanism of Action 

Isoniazid inhibits the synthesis of mycoloic acids, an essential component of the bacterial cell wall. At therapeutic levels isoniazid is bacteriocidal against actively growing intracellular and extracellular Mycobacterium tuberculosis organisms lsoniazid resistant Mycobacterium tuberculosis bacilli develop rapidly when lsoniazid monotherapy is administered. Isoniazid is a prodrug and must be activated by bacterial catalase.It is activated by catalase-peroxidase enzyme KatG which couples the isonicotinic acyl with NADH to form isonicotinic acyl-NADH complex. This complex binds tightly to ketoenoylreductase known as InhA, thereby blocking the natural enoyl-AcpM substrate and the action of fatty acid synthase. This process inhibits the synthesis of mycolic acid required for the mycobacterial cell wall. A range of radicals are produced by KatG activation of Isoniazid, including nitric oxide, that has also been shown to be important in the action of another antimycobacterial prodrug PA824 .Isoniazid is bactericidal to rapidly-dividing mycobacteria but is bacteriostatic if the mycobacterium is slow-growing. Isoniazid inhibits the P450 system.
ETHAMBUTOL

Mechanism of action/Effect:

Ethambutol is a synthetic, bacteriostatic antitubercular agent. Its mechanism of action is not fully known. It diffuses into mycobacteria and appears to suppress multiplication by interfering with RNA synthesis . It is effective only against mycobacteria that are actively dividing 

Absorption:

Rapidly absorbed (75 to 80%) from the gastrointestinal tract following oral administration 

Distribution:

Widely distributed to most tissues and body fluids except cerebrospinal fluid (CSF). CSF concentrations are 10 to 50% of the corresponding serum concentrations 


Erythrocytes:

Equal to or double the plasma concentrations, which provide a depot effect for 24 hours 

Distributed into breast milk.



CSF:

Does not penetrate intact meninges, but 10 to 50% may penetrate the meninges of patients with tuberculous meningitis .

Vol D—1.6 liters per kg.


Protein binding:

Low (20 to 30%).

Biotransformation:

Hepatic; up to 15% metabolized to inactive metabolites 

Half-life:


Normal renal function:

3 to 4 hours.



Impaired renal function:

Up to 8 hours .


Time to peak concentration:

2 to 4 hours 

Peak serum concentration

2 to 5 mcg per mL after a single oral dose of 25 mg per kg of body weight (mg/kg) .

Elimination:


Renal—
        By glomerular filtration and tubular secretion; up to 80% excreted within 24 hours (at least 50% excreted unchanged and up to 15% as inactive metabolites) 



Fecal—
        20% excreted unchanged 



In dialysis—
        Ethambutol is removed from the blood by hemodialysis and peritoneal dialysis 



Precautions to Consider

Pregnancy/Reproduction

Tuberculosis in pregnancy should be managed in concert with an expert in the management of tuberculosis. Women who have only pulmonary tuberculosis are not likely to infect the fetus until after delivery, and congenital tuberculosis is extremely rare. In utero infections with tubercle bacilli, however, can occur after maternal bacillemia occurs at different stages in the course of tuberculosis . Miliary tuberculosis can seed the placenta and thereby gain access to the fetal circulation. In women with tuberculous endometritis, transmission of infection to the fetus can result from fetal aspiration of bacilli at the time of delivery. A third mode of transmission is through ingestion of infected amniotic fluid in utero.
If active disease is diagnosed during pregnancy, a 9-month regimen of isoniazid and rifampin, supplemented by an initial course of ethambutol if drug resistance is suspected, is recommended. Pyrazinamide usually is not given because of inadequate data regarding teratogenesis. Hence, a 9-month course of therapy is necessary for drug-susceptible disease . When isoniazid resistance is a possibility, isoniazid, ethambutol, and rifampin are recommended initially. One of these medications can be discontinued after 1 or 2 months, depending on results of susceptibility tests. If rifampin or isoniazid is discontinued, treatment is continued for a total of 18 months; if ethambutol is discontinued, treatment is continued for a total of 9 months. Prompt initiation of chemotherapy is mandatory to protect both the mother and fetus. If isoniazid or rifampin resistance is documented, an expert in the management of tuberculosis should be consulted.
Asymptomatic pregnant women with positive tuberculin skin tests and normal chest radiographs should receive preventive therapy with isoniazid for 9 months if they are HIV seropositive or have recently been in contact with an infectious person. For these individuals, preventive therapy should begin after the first trimester. In other circumstances in which none of these risk factors is present, although no harmful effects of isoniazid to the fetus have been observed, preventive therapy can be delayed until after delivery.
For all pregnant women receiving isoniazid, pyridoxine should be prescribed. Isoniazid, ethambutol, and rifampin appear to be relatively safe for the fetus. The benefit of ethambutol and rifampin for therapy of active disease in the mother outweighs the risk to the infant. Streptomycin and pyrazinamide should not be used unless they are essential to the control of the disease.


Pregnancy—
Ethambutol crosses the placenta, resulting in fetal plasma concentrations that are approximately 30% of maternal plasma concentrations. However, problems in humans have not been documented.

Studies in mice given high doses of ethambutol have shown that this antimycobacterial causes a low incidence of cleft palate, exencephaly, and vertebral column abnormalities. In addition, studies in rats given high doses this medication have shown that ethambutol causes minor abnormalities of the cervical vertebrae. Studies in rabbits given high doses have shown that ethambutol may cause monophthalmia, limb reduction defects, hare lip, and cleft palate.

Breast-feeding

Ethambutol is distributed into breast milk  in concentrations approximating maternal serum concentrations. However, problems in humans have not been documented.

Pediatrics

If an infant is suspected of having congenital tuberculosis, a Mantoux tuberculin skin test, chest radiograph, lumbar puncture, and appropriate cultures should be performed promptly. Regardless of the skin test results, treatment of the infant should be initiated promptly with isoniazid, rifampin, pyrazinamide, and streptomycin or kanamycin . In addition, the mother should be evaluated for the presence of pulmonary or extrapulmonary (including uterine) tuberculosis. If the physical examination or chest radiograph support the diagnosis of tuberculosis, the patient should be treated with the same regimen as that used for tuberculous meningitis. The drug susceptibilities of the organism recovered from the mother and/or infant should be determined.
Possible isoniazid resistance should always be considered, particularly in children from population groups in which drug resistance is high, especially in foreign-born children from countries with a high prevalence of drug-resistant tuberculosis. For contacts who are likely to have been infected by an index case with isoniazid-resistant but rifampin-susceptible organisms, and in whom the consequences of the infection are likely to be severe (e.g., children up to 4 years of age), rifampin (10 mg per kg of body weight, maximum 600 mg, given daily in a single dose) should be given in addition to isoniazid (10 mg per kg, maximum 300 mg, given daily in a single dose) until susceptibility test results for the isolate from the index case are available . If the index case is known or proven to be excreting organisms resistant to isoniazid, then isoniazid should be discontinued and rifampin given for a total of 9 months . Isoniazid alone should be given if no proof of exposure to isoniazid-resistant organisms is found. Optimal therapy for children with tuberculosis infection caused by organisms resistant to isoniazid and rifampin is unknown. In deciding on therapy in this situation, consultation with an expertis advised Adjuvant treatment with corticosteroids in treating tuberculosis is controversial. Corticosteroids have been used for therapy in children with tuberculous meningitis to reduce vasculitis, inflammation, and, as a result, intracranial pressure. Data indicate that dexamethasone may lower mortality rates and lessen long-term neurologic impairment. The administration of corticosteroids should be considered in all children with tuberculous meningitis, and also may be considered in children with pleural and pericardial effusions (to hasten reabsorption of fluid), severe miliary disease (to mitigate alveolocapillary block), and endobronchial disease (to relieve obstruction and atelectasis). Corticosteroids should be given only when accompanied by appropriate antituberculosis therapy. Consultation with an expert in the treatment of tuberculosis should be obtained when corticosteroid therapy is considered.


Appropriate studies on the relationship of age to the effects of ethambutol have not been performed in children up to 13 years of age. Ethambutol is generally not recommended in children whose visual acuity cannot be monitored (younger than 6 years of age). However, ethambutol should be considered for all children with organisms resistant to other medications, and in whom susceptibility to ethambutol has been demonstrated or is likely.


Geriatrics


No information is available on the relationship of age to the effects of ethambutol in geriatric patients. However, elderly patients are more likely to have an age-related decrease in renal function, which may require an adjustment of dosage in patients receiving ethambutol.



HOME REMEDIES FOR TUBERCULOSIS
The chief therapeutic agent needed for the treatment of tuberculosis is calcium. Milk is the richest food source for the supply of organic calcium to the body and should be taken liberally. In fact an exclusive milk diet is considered highly valuable in tuberculosis. However, a preparatory fast for three days, consisting of raw juices, preferably, orange juice, is essential before the milk diet is begun. The procedure is to take half a glass of orange juice diluted with an equal quantity of water every two hours from 8 a.m. to 8 p.m. For the full milk diet, the patient should have a glass of milk every two hours from 8 a.m. to 8 p.m. on the first day, followed by a glass and a half every hour on the second day. Thereafter, the quantity can be gradually increased until the patient takes a glass every half an hour. Usually, six litres of milk should be taken every day. In the case of women, five litres should be sufficient. Raw milk, that is, milk, which has not been pasteurised, produces the best results, provided it is clean and pure. Milk should be kept cool and away from dust, flies, odours, and sunlight. It should be gently stirred before use to ensure an even distribution of cream. It should be sipped very slowly so as to be thoroughly mixed with saliva which dilutes it and, to a great extent, promotes its digestion. Nearly eight to six weeks of a full milk diet is necessary for the success of the treatment. A considerable amount of rest is necessary with a milk diet and the patient should lie down for about two hours twice a day.

Tuberculosis treatment using Custard Apple

Custard apple is regarded as one of the most valuable remedies for tuberculosis. It is said to contain the qualities of rejuvenating drugs. Ayurvedic practitioners prepare a fermented liquor called sitaphalasava from this fruit, when in season, for use as a medicine in the treatment of this disease. The pulp of two custard apples and twenty-five seedless raisins should be boiled in water on a slow fire. When about one-third of the water is left, it should be filtered, and then mixed with two teaspoons of powdered sugar candy, and a quarter teaspoon each of the powder of cardamom, cinnamon, and certain other condiments.

Tuberculosis treatment using Indian Gooseberry

The Indian gooseberry is another valuable remedy for tuberculosis. A tablespoon each of fresh indian gooseberry juice and honey, mixed together, should be taken every morning in treating this disease. Its regular use will promote vigour and vitality in the body within a few days.
Tuberculosis treatment using Pineapple

Pineapple juice is beneficial in the treatment of tuberculosis. It has been found to be effective in dissolving mucus and aiding recovery. This juice was used regularly in the past in treating this disease when it was more common than it is at present. One glass of pineapple juice is recommended daily

Tuberculosis treatment using Banana

Bananas are considered useful in tuberculosis. The juice of the plantain or the ordinary cooking bananas works miracles in tile cure of tuberculosis. It claims to have cured patients in an advanced stage of this disease with frequent cough, abundant expectoration and high fever in two months, by this treatment

Tuberculosis treatment using Orange

Oranges are useful in the treatment of tuberculosis. A glass of orange juice should be mixed with a pinch of salt and a tablespoon of honey and taken daily by the patient. Due to its saline action in the lungs, it eases expectoration and protects the body from secondary infections.

Tuberculosis treatment using Drumstick

A soup prepared from drumstick leaves has been found valuable in this disease. This soup is prepared by adding a handful of leaves to 200 ml of water which has been heated to a boiling point. The water should then be allowed to boil for five minutes more. After that it should be removed from the fire and allowed to cool. A little salt, pepper, and lime juice may be added to this soup. This drink should be taken first thing every morning.

Tuberculosis treatment using Bottle Gourd

The use of bottle gourd is considered an effective remedy for tuberculosis. Bottle gourd is one of the best vegetables for tuberculosis patients. Regular use of cooked bottle gourd helps in developing immunity against tubercular germs

Tuberculosis treatment using Mint

The fresh juice of mint has also been found useful in this disease. A teaspoon of this juice, mixed with two teaspoons of pure malt vinegar and an equal quantity of honey, should be stirred in 120 ml of carrot juice. This should be given as a medicinal tonic thrice daily in the treatment of tuberculosis. It liquefies the sputum, nourishes the lungs, increases body resistance against infection, and prevents the harmful effects of anti-tubercular drugs

Rifampicin

In the treatment of both tuberculosis and the meningococcal carrier state, the small number of resistant cells present within large populations of susceptible cells can rapidly become the predominant type. Bacteriologic cultures should be obtained before the start of therapy to confirm the susceptibility of the organism to rifampin and they should be repeated throughout therapy to monitor the response to treatment. Since resistance can emerge rapidly, susceptibility tests should be performed in the event of persistent positive cultures during the course of treatment. If test results show resistance to rifampin and the patient is not responding to therapy, the drug regimen should be modified.

Tuberculosis

Rifampin is indicated in the treatment of all forms of tuberculosis.

A three-drug regimen consisting of rifampin, isoniazid, and pyrazinamide (eg, RIFATER®) is recommended in the initial phase of short-course therapy which is usually continued for 2 months. The Advisory Council for the Elimination of Tuberculosis, the American Thoracic Society, and Centers for Disease Control and Prevention recommend that either streptomycin or ethambutol be added as a fourth drug in a regimen containing isoniazid (INH), rifampin, and pyrazinamide for initial treatment of tuberculosis unless the likelihood of INH resistance is very low. The need for a fourth drug should be reassessed when the results of susceptibility testing are known. If community rates of INH resistance are currently less than 4%, an initial treatment regimen with less than four drugs may be considered.

Following the initial phase, treatment should be continued with rifampin and isoniazid (eg, RIFAMATE®) for at least 4 months. Treatment should be continued for longer if the patient is still sputum or culture positive, if resistant organisms are present, or if the patient is HIV positive.

RIFADIN IV is indicated for the initial treatment and retreatment of tuberculosis when the drug cannot be taken by mouth.

Meningococcal Carriers

Rifampin is indicated for the treatment of asymptomatic carriers of Neisseria meningitidis to eliminate meningococci from the nasopharynx. Rifampin is not indicated for the treatment of meningococcal infection because of the possibility of the rapid emergence of resistant organisms. Rifampin should not be used indiscriminately, and therefore, diagnostic laboratory procedures, including serotyping and susceptibility testing, should be performed for establishment of the carrier state and the correct treatment. So that the usefulness of rifampin in the treatment of asymptomatic meningococcal carriers is preserved, the drug should be used only when the risk of meningococcal disease is high.

To reduce the development of drug-resistant bacteria and maintain the effectiveness of rifampin and other antibacterial drugs, rifampin should be used only to treat or prevent infections that are proven or strongly suspected to be caused by susceptible bacteria. When culture and susceptibility information are available, they should be considered in selecting or modifying antibacterial therapy. In the absence of such data, local epidemiology and susceptibility patterns may contribute to the empiric selection of therapy.
DOSAGE
Adults: 10 mg/kg, in a single daily administration, not to exceed 600 mg/day, oral or IV

Pediatric Patients: 10-20 mg/kg, not to exceed 600 mg/day, oral or IV

It is recommended that oral rifampin be administered once daily, either 1 hour before or 2 hours after a meal with a full glass of water.

Rifampin is indicated in the treatment of all forms of tuberculosis. A three-drug regimen consisting of rifampin, isoniazid, and pyrazinamide (eg, RIFATER®) is recommended in the initial phase of short-course therapy which is usually continued for 2 months. The Advisory Council for the Elimination of Tuberculosis, the American Thoracic Society, and the Centers for Disease Control and Prevention recommend that either streptomycin or ethambutol be added as a fourth drug in a regimen containing isoniazid (INH), rifampin and pyrazinamide for initial treatment of tuberculosis unless the likelihood of INH resistance is very low. The need for a fourth drug should be reassessed when the results of susceptibility testing are known. If community rates of INH resistance are currently less than 4%, an initial treatment regimen with less than four drugs may be considered. 

Following the initial phase, treatment should be continued with rifampin and isoniazid (eg, RIFAMATE®) for at least 4 months. Treatment should be continued for longer if the patient is still sputum or culture positive, if resistant organisms are present, or if the patient is HIV positive.

Preparation of Solution for IV Infusion: Reconstitute the lyophilized powder by transferring 10 mL of sterile water for injection to a vial containing 600 mg of rifampin for injection. Swirl vial gently to completely dissolve the antibiotic. The reconstituted solution contains 60 mg rifampin per mL and is stable at room temperature for 24 hours. Prior to administration, withdraw from the reconstituted solution a volume equivalent to the amount of rifampin calculated to be administered and add to 500 mL of infusion medium. Mix well and infuse at a rate allowing for complete infusion within 3 hours. Alternatively, the amount of rifampin calculated to be administered may be added to 100 mL of infusion medium and infused in 30 minutes.

Dilutions in dextrose 5% for injection (D5W) are stable at room temperature for up to 4 hours and should be prepared and used within this time. Precipitation of rifampin from the infusion solution may occur beyond this time. Dilutions in normal saline are stable at room temperature for up to 24 hours and should be prepared and used within this time. Other infusion solutions are not recommended. 

Incompatibilities: Physical incompatibility (precipitate) was observed with undiluted (5 mg/mL) and diluted (1 mg/mL in normal saline) diltiazem hydrochloride and rifampin (6 mg/mL in normal saline) during simulated Y-site administration. 

Meningococcal Carriers

Adults: For adults, it is recommended that 600 mg rifampin be administered twice daily for two days.

Pediatric Patients: Pediatric patients 1 month of age or older: 10 mg/kg (not to exceed 600 mg per dose) every 12 hours for two days.

Pediatric patients under 1 month of age: 5 mg/kg every 12 hours for two days. 

SIDE EFFECTS
Gastrointestinal

Heartburn, epigastric distress, anorexia, nausea, vomiting, jaundice, flatulence, cramps, and diarrhea have been noted in some patients. Although Clostridium difficile has been shown in vitro to be sensitive to rifampin, pseudomembranous colitis has been reported with the use of rifampin (and other broad spectrum antibiotics). Therefore, it is important to consider this diagnosis in patients who develop diarrhea in association with antibiotic use. Rarely, hepatitis or a shock-like syndrome with hepatic involvement and abnormal liver function tests has been reported.

Hematologic

Thrombocytopenia has occurred primarily with high dose intermittent therapy, but has also been noted after resumption of interrupted treatment. It rarely occurs during well supervised daily therapy. This effect is reversible if the drug is discontinued as soon as purpura occurs. Cerebral hemorrhage and fatalities have been reported when rifampin administration has been continued or resumed after the appearance of purpura.

Rare reports of disseminated intravascular coagulation have been observed. 

Leukopenia, hemolytic anemia, and decreased hemoglobin have been observed. 

Agranulocytosis has been reported very rarely.

Central Nervous System

Headache, fever, drowsiness, fatigue, ataxia, dizziness, inability to concentrate, mental confusion, behavioral changes, pains in extremities, and generalized numbness have been observed.

Psychoses have been rarely reported.

Ocular

Visual disturbances have been observed.

Endocrine

Menstrual disturbances have been observed.

Rare reports of adrenal insufficiency in patients with compromised adrenal function have been observed.

Renal

Elevations in BUN and serum uric acid have been reported. Rarely, hemolysis, hemoglobinuria, hematuria, interstitial nephritis, acute tubular necrosis, renal insufficiency, and acute renal failure have been noted. These are generally considered to be hypersensitivity reactions. They usually occur during intermittent therapy or when treatment is resumed following intentional or accidental interruption of a daily dosage regimen, and are reversible when rifampin is discontinued and appropriate therapy instituted.

Dermatologic

Cutaneous reactions are mild and self-limiting and do not appear to be hypersensitivity reactions. Typically, they consist of flushing and itching with or without a rash. More serious cutaneous reactions which may be due to hypersensitivity occur but are uncommon.

Hypersensitivity Reactions

Occasionally, pruritus, urticaria, rash, pemphigoid reaction, erythema multiforme including Stevens-Johnson Syndrome, toxic epidermal necrolysis, vasculitis, eosinophilia, sore mouth, sore tongue, and conjunctivitis have been observed. 

Anaphylaxis has been reported rarely.

Miscellaneous

Rare reports of myopathy and muscular weakness have also been observed.

Edema of the face and extremities has been reported. Other reactions reported to have occurred with intermittent dosage regimens include “flu syndrome” (such as episodes of fever, chills, headache, dizziness, and bone pain), shortness of breath, wheezing, decrease in blood pressure and shock. The “flu syndrome” may also appear if rifampin is taken irregularly by the patient or if daily administration is resumed after a drug free interval.
DRUG INTERACTION
Rifampin is known to induce certain cytochrome P-450 enzymes. Administration of rifampin with drugs that undergo biotransformation through these metabolic pathways may accelerate elimination of coadministered drugs. To maintain optimum therapeutic blood levels, dosages of drugs metabolized by these enzymes may require adjustment when starting or stopping concomitantly administered rifampin.

Rifampin has been reported to accelerate the metabolism of the following drugs: anticonvulsants (eg, phenytoin), antiarrhythmics (eg, disopyramide, mexiletine, quinidine, tocainide), oral anticoagulants, antifungals (eg, fluconazole, itraconazole, ketoconazole), barbiturates, beta-blockers, calcium channel blockers (eg, diltiazem, nifedipine, verapamil), chloramphenicol, clarithromycin, corticosteroids, cyclosporine, cardiac glycoside preparations, clofibrate, oral or other systemic hormonal contraceptives, dapsone, diazepam, doxycycline, fluoroquinolones (eg, ciprofloxacin), haloperidol, oral hypoglycemic agents (sulfonylureas), levothyroxine, methadone, narcotic analgesics, nortriptyline, progestins, quinine, tacrolimus, theophylline tricyclic antidepressants (eg, amitriptyline, nortriptyline) and zidovudine. It may be necessary to adjust the dosages of these drugs if they are given concurrently with rifampin.

Patients using oral or other systemic hormonal contraceptives should be advised to change to nonhormonal methods of birth control during rifampin therapy.

Rifampin has been observed to increase the requirements for anticoagulant drugs of the coumarin type. In patients receiving anticoagulants and rifampin concurrently, it is recommended that the prothrombin time be performed daily or as frequently as necessary to establish and maintain the required dose of anticoagulant.

Diabetes may become more difficult to control.
OTHER INTERACTIONS: 
When the two drugs were taken concomitantly, decreased concentrations of atovaquone and increased concentrations of rifampin were observed. 

Concurrent use of ketoconazole and rifampin has resulted in decreased serum concentrations of both drugs. Concurrent use of rifampin and enalapril has resulted in decreased concentrations of enalaprilat, the active metabolite of enalapril. Dosage adjustments should be made if indicated by the patient's clinical condition. 

Concomitant antacid administration may reduce the absorption of rifampin. Daily doses of rifampin should be given at least 1 hour before the ingestion of antacids. 

Probenecid and cotrimoxazole have been reported to increase the blood level of rifampin.

When rifampin is given concomitantly with either halothane or isoniazid, the potential for hepatotoxicity is increased. The concomitant use of rifampin and halothane should be avoided. Patients receiving both rifampin and isoniazid should be monitored close for hepatotoxicity.

Plasma concentrations of sulfapyridine may be reduced following the concomitant administration of sulfasalazine and rifampin. This finding may be the result of alteration in the colonic bacteria responsible for the reduction of sulfasalazine to sulfapyridine and mesalamine.

Drug/Laboratory Interactions

Cross-reactivity and false-positive urine screening tests for opiates have been reported in patients receiving rifampin when using the KIMS (Kinetic Interaction of Microparticles in Solution) method (eg, Abuscreen OnLine opiates assay; Roche Diagnostic Systems). Confirmatory tests, such as gas chromatography/mass spectrometry, will distinguish rifampin from opiates.

Therapeutic levels of rifampin have been shown to inhibit standard microbiological assays for serum folate and vitamin B12. Thus, alternate assay methods should be considered. Transient abnormalities in liver function tests (eg, elevation in serum bilirubin, alkaline phosphatase, and serum transaminases) and reduced biliary excretion of contrast media used for visualization of the gallbladder have also been observed. Therefore, these tests should be performed before the morning dose of rifampin.
CLINICAL PHARMACOLOGY
Rifampin is readily absorbed from the gastrointestinal tract. Peak serum concentrations in healthy adults and pediatric populations vary widely from individual to individual. Following a single 600 mg oral dose of rifampin in healthy adults, the peak serum concentration averages 7 mcg/mL but may vary from 4 to 32 mcg/mL. Absorption of rifampin is reduced by about 30% when the drug is ingested with food.

Rifampin is widely distributed throughout the body. It is present in effective concentrations in many organs and body fluids, including cerebrospinal fluid. Rifampin is about 80% protein bound. Most of the unbound fraction is not ionized and, therefore, diffuses freely into tissues.

In healthy adults, the mean biological half-life of rifampin in serum averages 3.35 ± 0.66 hours after a 600 mg oral dose, with increases up to 5.08 ± 2.45 hours reported after a 900 mg dose. With repeated administration, the half-life decreases and reaches average values of approximately 2 to 3 hours. The half-life does not differ in patients with renal failure at doses not exceeding 600 mg daily, and consequently, no dosage adjustment is required. Following a single 900 mg oral dose of rifampin in patients with varying degrees of renal insufficiency, the mean half-life increased from 3.6 hours in healthy adults to 5.0, 7.3, and 11.0 hours in patients with glomerular filtration rates of 30 to 50 mL/min, less than 30 mL/min, and in anuric patients, respectively.

Rifampin is rapidly eliminated in the bile, and an enterohepatic circulation ensues. During this process, rifampin undergoes progressive deacetylation so that nearly all the drug in the bile is in this form in about 6 hours. This metabolite is microbiologically active. Intestinal reabsorption is reduced by deacetylation, and elimination is facilitated. Up to 30% of a dose is excreted in the urine, with about half of this being unchanged drug.

Intravenous Administration

After intravenous administration of a 300 or 600 mg dose of rifampin infused over 30 minutes to healthy male volunteers (n=12), mean peak plasma concentrations were 9.0 ± 3.0 and 17.5 ± 5.0 mcg/mL, respectively. Total body clearances after the 300 and 600 mg IV doses were 0.19 ± 0.06 and 0.14 ± 0.03 L/hr/kg, respectively. Volumes of distribution at steady state were 0.66 ± 0.14 and 0.64 ± 0.11 L/kg for the 300 and 600 mg IV doses, respectively. After intravenous administration of 300 or 600 mg doses, rifampin plasma concentrations in these volunteers remained detectable for 8 and 12 hours, respectively (see Table).

	Plasma Concentrations (mean ± standard deviation, mcg/mL) 

	Rifampin Dosage IV
	30 min
	1 hr
	2 hr
	4 hr
	8 hr
	12 hr

	300 mg
	8.9±2.9
	4.9±1.3
	4.0±1.3
	2.5±1.0
	1.1±0.6
	< 0.4

	600 mg
	17.4±5.1
	11.7±2.8
	9.4±2.3
	6.4±1.7
	3.5±1.4
	1.2±0.6


Plasma concentrations after the 600 mg dose, which were disproportionately higher (up to 30% greater than expected) than those found after the 300 mg dose, indicated that the elimination of larger doses was not as rapid.

After repeated once-a-day infusions (3 hr duration) of 600 mg in patients (n=5) for 7 days, concentrations of IV rifampin decreased from 5.81 ± 3.38 mcg/mL 8 hours after the infusion on day 1 to 2.6 ± 1.88 mcg/mL 8 hours after the infusion on day 7.

Rifampin is widely distributed throughout the body. It is present in effective concentrations in many organs and body fluids, including cerebrospinal fluid. Rifampin is about 80% protein bound. Most of the unbound fraction is not ionized and therefore diffuses freely into tissues.

Rifampin is rapidly eliminated in the bile and undergoes progressive enterohepatic circulation and deacetylation to the primary metabolite, 25-desacetyl-rifampin. This metabolite is microbiologically active. Less than 30% of the dose is excreted in the urine as rifampin or metabolites. Serum concentrations do not differ in patients with renal failure at a studied dose of 300 mg and consequently, no dosage adjustment is required.

Pediatrics

Oral Administration. In one study, pediatric patients 6 to 58 months old were given rifampin suspended in simple syrup or as dry powder mixed with applesauce at a dose of 10 mg/kg body weight. Peak serum concentrations of 10.7 ± 3.7 and 11.5 ± 5.1 mcg/mL were obtained 1 hour after preprandial ingestion of the drug suspension and the applesauce mixture, respectively. After the administration of either preparation, the t½ of rifampin averaged 2.9 hours. It should be noted that in other studies in pediatric populations, at doses of 10 mg/kg body weight, mean peak serum concentrations of 3.5 mcg/mL to 15 mcg/mL have been reported.

Intravenous Administration. In pediatric patients 0.25 to 12.8 years old (n=12), the mean peak serum concentration of rifampin at the end of a 30 minute infusion of approximately 300 mg/m² was 25.9 ± 1.3 mcg/mL; individual peak concentrations 1 to 4 days after initiation of therapy ranged from 11.7 to 41.5 mcg/mL; individual peak concentrations 5 to 14 days after initiation of therapy were 13.6 to 37.4 mcg/mL. The individual serum half-life of rifampin changed from 1.04 to 3.81 hours early in therapy to 1.17 to 3.19 hours 5 to 14 days after therapy was initiated.
STREPTOMYCIN
Streptomycin is indicated for the treatment of individuals with moderate to severe infections caused by susceptible strains of microorganisms in the specific conditions listed below:

1. Mycobacterium tuberculosis: The Advisory Council for the Elimination of Tuberculosis, the American Thoracic Society, and the Center for Disease Control recommend that either streptomycin or ethambutol be added as a fourth drug in a regimen containing isoniazid (INH), rifampin and pyrazinamide for initial treatment of tuberculosis unless the likelihood of INH or rifampin resistance is very low. The need for a fourth drug should be reassessed when the results of susceptibility testing are known. In the past when the national rate of primary drug resistance to isoniazid was known to be less than 4% and was either stable or declining, therapy with two and three drug regimens was considered adequate. If community rates of INH resistance are currently less than 4%, an initial treatment regimen with less than four drugs may be considered.

Streptomycin is also indicated for therapy of tuberculosis when one or more of the above drugs is contraindicated because of toxicity or intolerance. The management of tuberculosis has become more complex as a consequence of increasing rates of drug resistance and concomitant HIV infection. Additional consultation from experts in the treatment of tuberculosis may be desirable in those settings.

Mechanism of action
Streptomycin is a protein synthesis inhibitor. It binds to the S12 Protein of the 30S subunit of the bacterial ribosome, interfering with the binding of formyl-methionyl-tRNA to the 30S subunit. This prevents initiation of protein synthesis and leads to death of microbial cells. Humans have structurally different ribosomes from bacteria, thereby allowing the selectivity of this antibiotic for bacteria. However at low concentrations Streptomycin only inhibits growth of the bacteria, this is done by inducing prokaryotic ribosomes to misread Mrna.
DOSAGE 
Intramuscular Route Only

Adults: The preferred site is the upper outer quadrant of the buttock, (i.e., gluteus maximus), or the mid-lateral thigh.

Children: It is recommended that intramuscular injections be given preferably in the mid-lateral muscles of the thigh. In infants and small children the periphery of the upper outer quadrant of the gluteal region should be used only when necessary, such as in burn patients, in order to minimize the possibility of damage to the sciatic nerve.

The deltoid area should be used only if well developed such as in certain adults and older children, and then only with caution to avoid radial nerve injury. Intramuscular injections should not be made into the lower and mid-third of the upper arm. As with all intramuscular injections, aspiration is necessary to help avoid inadvertent injection into a blood vessel.

Injection sites should be alternated. As higher doses or more prolonged therapy with streptomycin may be indicated for more severe or fulminating infections (endocarditis, meningitis, etc.), the physician should always take adequate measures to be immediately aware of any toxic signs or symptoms occurring in the patient as a result of streptomycin therapy.

1. TUBERCULOSIS: The standard regimen for the treatment of drug susceptible tuberculosis has been two months of INH, rifampin and pyrazinamide followed by four months of INH and rifampin (patients with concomitant infection with tuberculosis and HIV may require treatment for a longer period).When streptomycin is added to this regimen because of suspected or proven drug resistance (see INDICATIONS AND USAGE section), the recommended dosing for streptomycin is as follows:

	 
	Daily
	Twice Weekly
	Twice Weekly

	Chil dren
	20-40mg /kg
	25-30 mg/kg
	25-30 mg/kg

	
	Max 1 g
	Max 1.5 g
	Max 1.5 g

	Adults
	15 mg/kg
	25-30 mg/kg
	25-30 mg/kg

	
	Max 1 g
	Max 1.5 g
	Max 1.5 g


Streptomycin is usually administered daily as a single intramuscular injection. A total dose of not more than 120 g over the course of therapy should be given unless there are no other therapeutic options. In patients older than 60 years of age the drug should be used at a reduced dosage due to the risk of increased toxicity. 

Therapy with streptomycin may be terminated when toxic symptoms have appeared, when impending toxicity is feared, when organisms become resistant, or when full treatment effect has been obtained. The total period of drug treatment of tuberculosis is a minimum of 1 year; however, indications for terminating therapy with streptomycin may occur at any time as noted above.

2. TULAREMIA: One to 2 g daily in divided doses for 7 to 14 days until the patient is afebrile for 5 to 7 days.

3. PLAGUE: Two grams of streptomycin daily in two divided doses should be administered intramuscularly. A minimum of 10 days of therapy is recommended.

4. BACTERIAL ENDOCARDITIS:

Streptococcal endocarditis; in penicillin-sensitive alpha and non-hemolytic streptococcal endocarditis (penicillin MIC ≤0.1 mcg/mL), streptomycin may be used for 2-week treatment concomitantly with penicillin. The streptomycin regimen is 1 g b.i.d. for the first week, and 500 mg b.i.d. for the second week. If the patient is over 60 years of age, the dosage should be 500 mg b.i.d. for the entire 2-week period. 

Enterococcal endocarditis: Streptomycin in doses of 1 g b.i.d. for 2 weeks and 500 mg b.i.d. for an additional 4 weeks is given in combination with penicillin. Ototoxicity may require termination of the streptomycin prior to completion of the 6-week course of treatment. 

5. CONCOMITANT USE WITH OTHER AGENTS: For concomitant use with other agents to which the infecting organism is also sensitive: Streptomycin is considered a second-line agent for the treatment of gram-negative bacillary bacteremia, meningitis, and pneumonia; brucellosis; granuloma inguinale; chancroid, and urinary tract infection.

For adults: 1 to 2 grams in divided doses every six to twelve hours for moderate to severe infections. Doses should generally not exceed 2 grams per day.

For children: 20 to 40 mg/kg/day (8 to 20 mg/lb/day) in divided doses every 6 to 12 hours. (Particular care should be taken to avoid excessive dosage in children.)

The dry lyophillized cake is dissolved by adding Water for Injection USP in an amount to yield the desired concentration as indicated in the following table:

	Approx. Conc . mg/mL
	Volume ( mL) of Solvent

	200
	4.2

	250
	3.2

	400
	1.8


Sterile reconstituted solutions should be protected from light and may be stored at room temperature for one week without significant loss of potency.

Parenteral drug products should be inspected visually for particulate matter and discoloration prior to administration, whenever solution and container permit.
SIDE EFFECTS
The following reactions are common: vestibular ototoxicity (nausea, vomiting, and vertigo); paresthesia of face; rash; fever; urticaria; angioneurotic edema; and eosinophilia.

The following reactions are less frequent: cochlear ototoxicity (deafness); exfoliative dermatitis; anaphylaxis; azotemia; leucopenia; thrombocytopenia; pancytopenia; hemolytic anemia; muscular weakness; and amblyopia.

Vestibular dysfunction resulting from the parenteral administration of streptomycin is cumulatively related to the total daily dose. When 1.8 to 2 g/day are given, symptoms are likely to develop in the large percentage of patients - especially in the elderly or patients with impaired renal function - within four weeks. Therefore, it is recommended that caloric and audiometric tests be done prior to, during, and following intensive therapy with streptomycin in order to facilitate detection of any vestibular dysfunction and/or impairment of hearing which may occur.

Vestibular symptoms generally appear early and usually are reversible with early detection and cessation of streptomycin administration. Two to three months after stopping the drug, gross vestibular symptoms usually disappear, except from the relative inability to walk in total darkness or on very rough terrain.

Although streptomycin is the least nephrotoxic of the aminoglycosides, nephrotoxicity does occur rarely.

Clinical judgment as to termination of therapy must be exercised when side effects occur.
DRUG  INTERACTION
The ototoxic effects of the aminoglycosides, including streptomycin, are potentiated by the co-administration of ethacrynic acid, furosemide, mannitol and possibly other diuretics.

Warning

Ototoxicity: Both vestibular and auditory dysfunction can follow the administration of streptomycin. The degree of impairment is directly proportional to the dose and duration of streptomycin administration, to the age of the patient, to the level of renal function and to the amount of underlying existing auditory dysfunction. The ototoxic effects of the aminoglycosides, including streptomycin, are potentiated by the co-administration of ethacrynic acid, mannitol, furosemide and possibly other diuretics.

The vestibulotoxic potential of streptomycin exceeds that of its capacity for cochlear toxicity. Vestibular damage is heralded by headache, nausea, vomiting and disequilibrium. Early cochlear injury is demonstrated by the loss of high frequency hearing. Appropriate monitoring and early discontinuation of the drug may permit recovery prior to irreversible damage to the sensorineural cells.

Pregnancy: Streptomycin can cause fetal harm when administered to a pregnant woman. Because streptomycin readily crosses the placental barrier, caution in use of the drug is important to prevent ototoxicity in the fetus. If this drug is used during pregnancy, or if the patient becomes pregnant while taking this drug, the patient should be apprised of the potential hazard to the fetus.

PRECAUTION
General: Prescribing streptomycin in the absence of a proven or strongly suspected bacterial infection or a prophylactic indication is unlikely to provide benefit to the patient and increases the risk of the development of drug-resistant bacteria.

Baseline and periodic caloric stimulation tests and audiometric tests are advisable with extended streptomycin therapy. Tinnitus, roaring noises, or a sense of fullness in the ears indicates need for audiometric examination or termination of streptomycin therapy or both.

Care should be taken by individuals handling Streptomycin for Injection to avoid skin sensitivity reactions. As with all intramuscular preparations, Streptomycin for Injection should be injected well within the body of a relatively large muscle and care should be taken to minimize the possibility of damage to peripheral nerves. Extreme caution must be exercised in selecting a dosage regimen in the presence of preexisting renal insufficiency. In severely uremic patients a single dose may produce high blood levels for several days and the cumulative effect may produce ototoxic sequelae. When streptomycin must be given for prolonged periods of time alkalinization of the urine may minimize or prevent renal irritation.

A syndrome of apparent central nervous system depression, characterized by stupor and flaccidity, occasionally coma and deep respiratory depression, has been reported in very young infants in whom streptomycin dosage had exceeded the recommended limits. Thus, infants should not receive streptomycin in excess of the recommended dosage.

In the treatment of venereal infections such as granuloma inguinale, and chancroid, if concomitant syphilis is suspected, suitable laboratory procedures such as a dark field examination should be performed before the start of treatment, and monthly serologic tests should be done for at least four months.

As with other antibiotics, use of this drug may result in overgrowth of nonsusceptible organisms, including fungi. If superinfection occurs, appropriate therapy should be instituted.

Nursing Mothers: Because of the potential for serious adverse reactions in nursing infants from streptomycin, a decision should be made whether to discontinue nursing or to discontinue the drug, taking into account the importance of the drug to the mother.
CLINICAL PHARMACOLOGY
Following intramuscular injection of 1 g of streptomycin as the sulfate, a peak serum level of 25 to 50 mcg/mL is reached within 1 hour, diminishing slowly to about 50 percent after 5 to 6 hours.

Appreciable concentrations are found in all organ tissues except the brain. Significant amounts have been found in pleural fluid and tuberculous cavities. Streptomycin passes through the placenta with serum levels in the cord blood similar to maternal levels. Small amounts are excreted in milk, saliva, and sweat.

Streptomycin is excreted by glomerular filtration. In patients with normal kidney function, between 29% and 89% of a single 600 mg dose is excreted in the urine within 24 hours. Any reduction of glomerular function results in decreased excretion of the drug and concurrent rise in serum and tissue levels.

DRUG-RESISTANT TB
Most strains of the TB bacteria require at least two drugs to prevent resistance. Resistance is caused by inconsistent or partial treatment. In some instances, patients are prescribed inadequate therapy or enough drug is not available. Usually this occurs because patients tend to stop taking their medication once they start to feel better. Multidrug-resistant TB (MDR-TB) is caused by a bacteria that is resistant to at least isoniazid and rifampicin. Prolonged alternative therapy is required to treat this form of TB, often for up to two years.Extensively drug-resistant TB (XDR-TB) is rare but extremely problematic. This form of TB is very difficult to treat and often requires prolonged isolation of the individual to protect the community at large. If TB is treated properly and consistently, these resistant forms are much less likely to spread.Many people think tuberculosis (TB) is a disease of the past. But, tuberculosis is still a leading killer of young adults worldwide. Some 2 billion people – one-third of the world's population – are infected with the tuberculosis bacterium, M. tuberculosis. tuberculosis is a chronic bacterial infection. It is spread through the air and usually infects the lungs, although other organs are sometimes involved. Most persons that are infected with M. tuberculosis harbor the bacterium without symptoms but many develop active tuberculosis disease. Each year, 8 million people worldwide develop active tuberculosis and 3 million die.

CONCLUSION
Treatment to prevent TB in a single person aims to kill walled-up germs that are doing no damage right now but could break out years from now and become active. If you should be treated to prevent sickness, your doctor usually prescribes a daily dose of isoniazid (also called INH), an inexpensive TB medicine. You will take INH for up to a year, with periodic checkups to make sure you are taking it as prescribed and that it is not causing undesirable side effects. Treatment also can stop the spread of TB in large populations. The tuberculosis vaccine, known as bacille Calmette-Guérin (BCG) may prevent the spread of tuberculosis and tuberculous meningitis in children, but the vaccine does not necessarily protect against pulmonary tuberculosis. It can, however, result in a false-positive tuberculin skin test that in many cases can be differentiated by the use of the QuantiFERON-TB Gold test mentioned above. Health officials generally recommend the vaccine in countries or communities where the rate of new infection is greater than 1% per year. BCG is not generally recommended for use in the United States because there is a very low risk of tuberculosis infection. It may be considered for very select patients at high risk for tuberculosis and who meet special criteria. 
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