PCOL425 Medical Pharmacology Lecture (Part I)
Antiprotozoal Agents
By Prof. A.H. Chishti
Phone: 312-355-1293

E-mail: chishti@uic.edu
Room: COMRB 5097
1. MALARIA - (mala -aria = bad air)

Parasite: Plasmodium falciparum, vivax, ovale, and malariae

Carrier: Female Anopheles mosquito

Symptoms: Episodes of shivering, headache and fever occurring at regular intervals 48 to 72 h depending upon the species of Plasmodia; Anemia; Enlargement of the spleen.
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Malaria Life Cycle


Epidemiology

   The most common blood parasite infecting humans is Plasmodium species, the causative agent of malaria. In the United States, most cases of malaria are found in travelers, immigrants, or refugees who have been exposed to Anopheles mosquitos in endemic areas. However, the mosquito is found in several sections of the U.S., and domestic cases of malaria have occurred. 

Four species of Plasmodium are recognized:
• P. vivax: incubation 10-17 days, “benign tertian malaria”, symptoms q48h
• P. ovale: similar to P. vivax; except untreated infection lasts only about 1 year
• P. malariae: incubation 18-40 days, symptoms q72h, untreated infections – 20 years
• P. falciparum: incubation 7-10 days, symptoms q36-48h, fulminating disease
Clinical Syndromes

  Fever is the constant presenting symptom of infections with all Plasmodium species. Fever spikes have a periodicity of either 2 or 3 days depending on the species causing the infection. Each fever episode is characterized by a short “cold” period lasting approximately 1 hour, when the skin is cold and the lips and nailbeds appear cyanotic owing to peripheral vasoconstriction. This period is followed by the sudden onset of the “hot” period when the skin feels warm and dry and fever spikes up to 103-106oC, and lasts 3-6 hours. 

  Human infection is initiated by the bite of an Anopheles mosquito, which introduces infectious sporozoites via its saliva into the circulatory system. The sporozoites are carried to the parenchymal cells of the liver, where asexual reproduction (schizogony) occurs. This phase of growth is termed the exoerythrocytic cycle and lasts 8-25 days, depending on the species. Some species (P. vivax, P. ovale) can establish a dormant hepatic phase in which the sporozoites do not divide. The presence of these viable plasmodia can lead to relapse of infections months to years after the initial clinical disease (relapsing malaria). The hepatocytes eventually rupture, liberating the plasmodia (termed merozoites at this stage) which in turn attach to specific receptors on the surface of red blood cells (erythrocytes: RBCs) and enter the cells, thus initiating the erythrocytic cycle.

  Asexual replication progresses through a series of stages (ring, trophozoite, schizont) that culminates in the rupture of the RBC, releasing up to 24 merozoites, which initiates another cycle of replication by infecting other RBCs. Some merozoites also develop into male and female gametocytes. If a mosquito ingests mature male and female gametocytes during a blood meal, the sexual reproductive cycle of malaria can be initiated, with the eventual production of infectious sporozoites. This sexual reproductive stage within the mosquito is necessary for the maintenance of malaria within a population.

Laboratory Identification

   Diagnosis of malaria transpires by detection of the Plasmodium species inside peripheral RBCs. Thick blood smears are used to detect the presence of organisms; thin blood smears are used for establishing species identification. PCR (polymerase chain reaction) based diagnostics are also used for malaria parasite identification.   
Antimalarial Drugs

Primaquine: Causal prophylactic drug. Best available agent against the primary exo-erythrocytic stages of falciparum and vivax malaria, and the secondary exo-erythrocytic forms of the relapsing malaria (P. vivax, ovale, malariae). Highly potent against the gametocytes of all four species of malaria.

Chloroquine: The most effective and least toxic antimalarial drug yet discovered. Concentration in the erythrocytes is 10-20 times greater than that of the plasma, and in parasitized erythrocytes, the drug concentration is 25 times greater than in normal ones. Best blood schizonticidal drug for all 4 types of malaria, except for chloroquine-resistant falciparum.
Quinine: The oldest antimalarial drug. Used today in the treatment of chloroquine-resistant forms of P. falciparum.
Quinidine: More effective than quinine against chloroquine-resistant P. falciparum, but more cardiotoxic.
Mefloquine, Halofantrine, Enpiroline: Effective against P. falciparum chloroquine-resistant strains, but cases of resistance to these drugs have already been documented.

Qinahaosu (Artemisinin): Effective blood schizonticide against all types of malaria and against chloroquine- resistant strains. However, recurrence rates up to 41 % have been reported.

Doxycycline: Effective against multi drug-resistant P. falciparum. Chloroquine must be given concurrently to protect against infection with the other plasmodia.

Malaria Prophylaxis

   Chloroquine is the drug of choice for the relatively few malaria affected regions where P. falciparum parasites remain sensitive to it (Central America, Haiti, Middle East, and parts of South Asia). In all other malarious areas, chloroquine-resistant P. falciparium (CRPF) malaria occurs, and other drugs must be used. Drugs should be started at least one week prior to travel to test for tolerance, and should be taken while in the affected region and for at least 4 weeks after leaving the malarious area. Chloroquine tablets are available in the United States and liquid preparations are available abroad. The adult dose is 500 mg salt (300 mg base) once weekly for adults and 5 mg/kg weekly for children. Mefloquine (Lariam) is the prophylactic drug of choice for all areas of CRPF, and especially for multiple drug resistant areas such as Southeast Asia, Oceania, and the Amazon region. The adult dose is 250 mg weekly. Mefloquine has been proven safe for long-term weekly use. There are a number of important contraindications to mefloquine use, including in pregnant women, in young children below 15 kg weight, possibly in those who use beta-blocker drugs and quinidine, and in those with psychiatric problems or a history of epilepsy. Doxycycline is an alternative for those unable to take mefloquine in areas of multiple drug resistance; however, doxycycline cannot be used by pregnant women or children under 8 years. It may also cause photosensitivity, diarrhea, and yeast infections. The dose is 100 mg daily. Some other drugs are no longer recommended because of potentially serious side effects. These include pyrimethamine-sulfadoxine (Fansidar), and amodiaquine. Primaquine should optimally be taken following completion of the post-travel terminal 4-week course of the drug(s) during travel. Practically all malarious areas have P. vivax or P. ovale malaria, which have the potential to remain in the liver for up to 3 years following exposure and to enter the blood and cause symptomatic malaria. Primaquine is the only available drug that can eliminate these forms from the liver. Travelers with longer malaria exposure are more likely than short-term travelers to develop these relapsing forms of malaria, but all travelers have potential risk. The dose for adults is 15 mg base daily for 14 days. Young children receive 0.3 mg/kg for 14 days. Normal glucose-6-phosphate dehydrogenase (G6PD) must be confirmed before giving primaquine, otherwise, there is a risk of severe, possibly life-threatening hemolysis from this drug. Primaquine is contraindicated in pregnant women.
2. AMEBIASIS

Parasite: Entamoeba histolytica
Symptoms: Asymptomatic intestinal infection, mild to moderate intestinal infection, severe intestinal infection (dysentery), liver abscess, other types of extraintestinal infection.

Antiamebic drugs
Tissue amebicides (eliminate parasites in the bowel wall, liver and other extraintestinal tissues):

a.Metronidazole; b.Emetines (emetine, dehydroemetine); c.Chloroquine

Luminal amebicides (act in the bowel lumen, not effective in the bowel wall or other tissues):

a.Diloxanide fuorate; b.lodoquinol; c.Oral tetracyclines

General Information

Amoebae:

Primitive unicellular organisms
Simple life cycle; divided into 2 stages:
Trophozoite – actively motile feeding stage
Cyst – quiescent, resistant, infective stage replication


Binary fission of trophozoites


Development of trophozoites within mature cyst

Motile – via extension of pseudopod

Most amoebae found in humans are commensal organisms

• Entamoeba histolytica
Epidemiology

Worldwide distribution

High incidence in tropical and subtropical regions with poor sanitation

Transmitted by fecal-oral route through contaminated food or water

Pathogenesis

Cysts are ingested.  In stomach, exposure to gastric acid stimulates the release of the pathogenic trophozoite in the duodenum. The trophozoites divide and produce extensive local necrosis in the large intestine. Attachment of trophozoites to host cells occurs via a galactose-inhibitable adherence protein.  A cytotoxin is produced, which causes cell lysis and tissue necrosis.  The lysis of colonic epithelial cells, human neutrophils, lymphocytes, and monocytes by the trophozoites is associated with a lethal alteration of host cell membrane permeability, resulting in an irregular increase in intracellular calcium levels. Lysis of neutrophils allows release of toxic constituents which contribute to tissue destruction.  Flask-shaped ulcerations of the intestinal mucosa are present with inflammation, hemorrhage, and secondary bacterial infection. Invasion into the deeper mucosa can occur, leading to secondary involvement of other organs (primarily the liver).

Clinical Syndromes

(1) asymptomatic carrier state

(2) intestinal amebiasis (amebic dysentery)

(3) extraintestinal amebiasis

Symptoms with amebic dysentery include abdominal pain, cramping, and colitis with diarrhea. More severe disease is characterized by numerous bloody stools per day. Systemic signs of infection (fever, leukocytosis, rigors) are present with extraintestinal amebiasis. The liver is primarily involved because trophozoites are removed as they pass through this organ. Abscess formation is common. Pain over the liver with hepatomegaly is observed.

Laboratory Identification

Diagnosis transpires by identification of characteristic cysts and trophozoites in stool. These amoebae must be differentiated from other nonpathogenic (commensal) species. The size and morphologic characteristics of the cysts and trophozoites are used to differentiate them from E. dispar, E. coli, E. hartmanni, E. polecki, E. gingivalis, Endolimax nana, Iodamoeba butschlii, Blastocystis hominis.

3. TRICHOMONIASIS

Parasite: Trichomonas vaginalis

Symptoms: Largely asymptomatic in the male, but could cause urethritis. Vaginitis with pale yellow discharge. Treatment: Metronidazole

• Trichomonas vaginalis
Epidemiology

T. vaginalis is found in the urethras and vaginas of women and the urethras and prostate glands of men. The parasite has worldwide distribution, with sexual intercourse as the primary mode of transmission.  Incidence is reported to be 5-20% in developed countries.

Clinical Syndromes

Most infected women are asymptomatic or have a scant, watery vaginal discharge. Some discharges are described as frothy and yellow-green in color. Vaginitis may occur with more extensive inflammation and erosion of the epithelial lining that is associated with itching, burning, and painful urination. Men are primarily asymptomatic carriers who serve as a reservoir for women, but occasionally experience urethritis, prostatitis, and other urinary tract problems.

Laboratory Identification

T. vaginalis exists only as a trophozoite. Microscopic examination of vaginal or urethral discharge for characteristic trophozoites is the diagnostic method of choice. Treatment: Drug of choice is metronidazole. Both male and female sex partners must be treated to avoid reinfection.

4. GIARDIASIS

Parasite: Giardia lamblia

Symptoms: Abdominal distress, diarrhea, weight loss

Treatment: Quinacrine hydrochloride (Atabrine); Metronidazole (Flagyl)

General Information

Flagellates:

All flagellates possess an organelle of motility, the flagellum. Unlike amoebae, most flagellates move by the lashing of flagella that pull the organisms through fluid environment. The flagellates most commonly seen in human infections are:

Giardia lamblia (intestinal infection)


Trichomonas vaginalis (urogenital infection) 
• Giardia lamblia
Epidemiology

Worldwide distribution: “wilderness” distribution in streams, lakes, & mountain resorts

Transmitted by fecal-oral route through contaminated food or water

Pathogenesis

The life cycle is simply completed by a fecal-oral route of transmission, with the cysts providing for a long-term survival under adverse environmental conditions. Gastric acid stimulates excystation of ingested cysts, with release of trophozoites in the duodenum and jejunum, where the organisms multiply by binary fission. The trophozoites attach to intestinal villi by means of a prominent ventral sucking disk. Although inflammation is observed, frank tissue necrosis does not occur.

Clinical Syndromes

Giardia infection can result in either asymptomatic carriage (50%) or symptomatic disease ranging from mild diarrhea to a severe malabsorption syndrome. The incubation period ranges from 1-4 weeks (average 10 days). The onset of disease is sudden, with foul-smelling, watery diarrhea, abdominal cramps, flatulence and steatorrhea. Blood and pus are rarely present. Spontaneous recovery generally occurs after 10-14 days, although a more chronic disease with multiple relapses may develop.

Laboratory Identification

Diagnosis transpires via identification of trophozoites and cysts in the stool. The trophozoite is bilaterally symmetrical and has 2 nuclei, one on either side of a central axostyle, giving the appearance of a “monkey face”. The cysts are distinctly oval in outline, measuring 8-12 um, have a thin, smooth membrane, contain 4 nuclei clustered at one end, a longitudinal parabasal body near the center of the cell, and fibrils.

5. Leishmaniasis

Parasite: Leishmania braziliensis and L. mexicana (American cutaneous and mucocutaneous leishmaniasis); L. donovani (Visceral leishmaniasis, or “kala azar”)

L. tropica (Cutaneous leishmaniasis, or “oriental sore”) 
Transmitted by the bites of infected female sandflies. Flagellated form is found in a sandfly and non-flagellated form is found in the mammalian host. Symptoms: Skin infections, large ulcers of the mucous membranes, hepatomegaly, splenomegaly, anemia, and intermittent fever. Treatment: Sodium stibogluconate and meglumine antimoniate. Other drugs of choice are Miltefosine, Pentamidine isethionate, Amphotericin, and Metronidazole.

6. Trypanosomiasis

Parasite: Trypanosoma brucei rhodesiense (African sleeping sickness, Rhodesian type); T. brucie gambiense (Gambian type); T. cruzi (American trypanosomiasis or Chagas’ disease)
Symptoms: Local lesion at the site of entry, parasitemia, fever, cardiac failure, CNS involvement.

Treatment: Suramin, Pentamidine, Melarsoprol for CNS involvement, Primaquine, puromycin, nifurtimox, and benznidazole for Chagas’ disease.
7. Other Protozoal Infections

• Pneumocystis carinii (Pneumocystosis)
P. carinii is among the most common causes of nonbacterial pneumonia in immuno-compromised patients in the U.S. Patients with AIDS are at high risk for developing disease when the CD4 T-cell count is < 200 cells/uL. The onset of disease is insidious. Dyspnea, fever, nonproductive cough, cyanosis, rales, and hepato-splenomegaly are the most common clinical signs and symptoms of pulmonary pneumocystosis. The disease may be fulminant and rapidly fatal. Diagnosis transpires by histologic stains on bronchoalveolar lavage (BAL) or induced sputum specimens.

Treatment: Trimethoprim-sulfamethoxazole and Pentamidine isethionate. Atovaquone, a hydroxynaphthoquinone derivative, is used in patients intolerant to trimethoprim-sulfamethoxazole.  
Coccidia:

The coccidia constitute a very large group of parasites, some of which are intestinal parasites and others are blood & tissue parasites. All coccidia demonstrate typical characteristics, especially the existence of asexual and sexual reproduction. Most members also share alternative hosts. 

• Isospora belli
Epidemiology

Isospora organisms are distributed worldwide. Isospora are seen in increasing frequency as one of the causes of diarrheal syndrome in AIDS patients.

Clinical Syndromes

I. belli is a parasite of the intestinal epithelium. Both sexual and asexual reproduction can occur in the intestinal epithelium, resulting in tissue damage. The end product of gametogenesis is the oocyst, which is the diagnostic stage present in fecal specimens. Infected individuals may be asymptomatic carriers or suffer mild to severe GI disease. Disease most commonly mimics giardiasis, with a malabsorption syndrome characterized by loose, foul-smelling stools. Chronic diarrhea with weight loss, anorexia, malaise, and fatigue can be seen. 

Laboratory Identification

The oocysts are the diagnostic forms seen in human fecal specimens.

• Cryptosporidium parvum (Cryptosporidiosis)
Epidemiology

Cryptosporidium species are distributed worldwide. Waterborne transmission is now well documented as an important route of infection. The recent massive outbreak in Milwaukee (300,000) was linked to contamination of the municipal water supply. Cryptosporidia are resistant to the usual water-purification procedures. Zoonotic spread from animal reservoirs to humans, as well as person-to-person spread by fecal-oral and oral-anal routes are also common means of infection.

Clinical Syndromes

Similar to Isospora. However, Cryptosporidium organisms are found just within the brush border of the intestinal epithelium, which contrasts with the deep intracellular invasion observed with Isospora species. Exposure may result in asymptomatic carriage. Disease in previously healthy individuals is usually a mild, self-limiting enterocolitis characterized by watery diarrhea without blood. Spontaneous remission after about 10 days is characteristic. In contrast, disease in immunocompromised patients (AIDS), is characterized by 50 or more stools per day and tremendous fluid loss, and can be severe and last for months to years.

Laboratory Identification

Cryptosporidium species are detected by identification of oocysts via the modified acid-fast stain or by an indirect immunofluorescence assay. Treatment: No known effective drug available. Antibiotic paromomycin has shown some promise.
• Toxoplasma gondi (Toxoplasmosis)
Epidemiology

The reservoir of T. gondii is the common house cat and other felines.

Two modes of transmission lead to most human infections:

(1) directly from ingestion of infective oocysts in food/water contaminated with cat feces

(2) indirectly, from ingestion of raw or undercooked meat of animals that ingested oocysts

(3) transplacental infection

Clinical Syndromes

Most infections are benign and asymptomatic. Symptoms of acute disease include chills, fever, headache, myalgias, and fatigue. Symptoms occasionally resemble infectious mononucleosis.

Congenital infection in the first trimester of pregnancy results in spontaneous abortion, stillbirth, or severe disease. Infants infected after the 1st trimester experience a variety of manifestations including epilepsy, microenphaly, hydrocephalus, mental retardation, and blindness.  Infants may be asymptomatic at birth and experience disease months to years later. Reactivation of latent infection is a problem for immunocompromised elderly patients, as well as patients with AIDS, and patients undergoing solid organ transplantation. Presenting symptoms are usually neurological. Symptoms include hemiparesis, seizures, visual impairment, confusion, and lethargy.

Laboratory Diagnosis

Some infective forms, or trophozoites, from the oocyst develop into slender, crescentic types called tachyzoites. These rapidly multiplying forms are responsible for the initial infection and the tissue damage. Slow-growing, shorter forms called bradyzoites also develop and form cysts in chronic infections. Although inactive, the tachyzoites/bradyzoites within cysts remain viable for weeks to years. Most commonly, they disintegrate and become enmeshed in a hyaline scar or undergo calcification. The detection of intracerebral calcification in skull x-rays is one method for establishing a previous infection. The diagnosis of acute toxoplasmosis is made by demonstrating clusters of trophozoites in stained tissue sections. Treatment: Antifolate combination: Pyrimethamine-sulfadoxine. Atovaquone, Spiramycin, Clindamycin, and Trimetrexate could also be used.
Other less common infections include balantidiasis and babesiosis. The former responds to tetracyclines, whereas the latter may respond to a combination of clindamycin and quinine.

Suggested Reading: 
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