Introduction to Parasites and Parasitic Infections (PATH)
Parasite:  an organism living in complete dependency in or on another organism.  Typically, we consider protozoa, worms, and arthropods.

Host:  there are two types of host

1. Definitive:  host in which the sexual reproduction occurs

2. Intermediate:  host in which the larval stages develop

Protozoa


Helminths



Arthropods

*Small, single cell

*Larger, worms and flukes

*Large arachnoids and insects

Flagellates


Nematodes (roundworms)

Mites

Amebae


Trematodes (fluke, schisto)

Lice

Apicomplexa


Cestodes (tapeworm)

Epidemiology:  About one million deaths per year from Malaria



1.4 Billion people infected with worms



300 Million people infected with malaria

General themes in parasitic pathogenesis:

· Attachment/Adhesion:  via hooks or via molecular receptors

· Invasion:  Obligate intracellular parasites (e.g. cryptosporidium) must enter the host cell.  They use many mechanisms.

· Host/parasite interactions:  Complex and based on antagonism while balancing needs of the parasite.  E.g. trichinella spiralis alters the host myocyte

· Obtain nutrients from host:  e.g. toxoplasma imports the host cell’s purines.

· Immune evasion:  e.g. African trypanosomses have a genetic variation mechanism to evade the adaptive immune system.

· Encystation/eggs:  Environmentally stable forms, often used in diagnosis

· Parasites may alter host behavior.  E.g.  toxo and cats?
How parasites cause disease:
· Direct cellular damage:  lysing host cells, secreting pore forming peptides, secreting proteolytic enzymes.  Many organisms lyse host cell on exit.

· Mechanical obstruction/compression:  helminths are larger and often occlude intestines and lymphatics.  They can also compress vital organs, e.g. Taenia solium.

· Immune reactions:  Eosinophilia, granuloma, cytokines

Intestinal parasites

Giardia lamblia:

· Flagellated, no mitochondria; pear shaped; four flagella; ventral disc

· Most common cause of water borne outbreaks of diarrhea

· Transmitted as a cyst, excysts in the small intestine

· Each cyst has two trophozoites.  Each trophozoite has two nuclei

· Trophozoites attach to epithelial cells

· The organism is very infectious (P2P transmission or by water contaminant)

· 1-2 week incubation, often asymptomatic infection

Diagnosis:  stool ova and parasite; IFA; aspirates/biopsy

Treat:  flagyl

Entamoeba histolytica:

· Common cause of dysentery

· Can invade and spread to the liver and brain (abscesses)

· Cysts have 4 nuclei

· Forms a flask ulcer in the large intestine
· Abscesses have liquefied necrotic center interspersed with trophozoites

· Surface proteins bind host cell sugar residues, this induces contact dependent hit and run damage to the host cell’s plasma membrane 

· Amebapore peptides permeabilize host cell

· Entamoeba also eat host microflora and degrade the extracellular matrix

Diagnosis:  identification in stools, must distinguish from commensals.

Cryptosporidium parvum

· Obligate intracellular parasite, does not deeply invade!

· Transmitted in contaminated things

· Can ascend into the lumen of the biliary tract

· Very resistant to antimicrobials

· Resides in a unique compartment of epithelial cells, bulging out into the lumen

· Invades brush border, reorganizes actin skeleton, kills cell upon egress

· Mechanism of diarrhea:  villus blunting

· Highly infectious

· Profuse watery diarrhea

Diagnosis:  acid fast test of the stool; IFA; biopsy

Malaria

Malaria is caused by Plasmodium (phylum:  apicomplexa)

Humans are the only reservoir of plasmodium, but the vector is the Anopheles mosquito.

Life cycle

· Mosquito injects sporozoites

· The sporozoites reach the liver in 30 minutes and produce merozoites.

· Vivax and Ovale have a hypnozoite stage which remains in the liver and can be a source of relapsing infection.

· Merozoites infect erythrocytes

· The parasite forms a trophozoite within the infected erythrocyte

· The trophozoite can do one of two things:

· Mature  to the schizont phase and release numerous merozoites (corresponds with fever)

· Mature and become a gametocyte (a diploid zygote).  This happens only .1% of the time.

· Released merozoites go on to infect other red blood cells

· Gametocytes are taken up by mosquito

· Within the mosquito, male and female gametocytes come together to form an oocyst.

· Oocyst gives rise to sporozoites

Clinical syndromes
Classic triad is fever, splenomegaly, and anemia

Fever, aches, and pains coincide with schizont rupture from erythrocytes.

Pyrogenic density:  refers to the number of parasites required to incite fever

· P. falciparum = 10,000 per microliter

· P. vivax = 100 per microliter

There are classic fever curves because the fever kills the older forms of the organism, so there is a latent period before the next fever.  These curves are characteristic of the different Plasmodium species.

Plasmodium falciparum is a medical emergency
Fevers, cerebral coma, severe anemia, pulmonary edema, lactic acidosis, hypoglycemia, acute renal failure, and maternal complications

· Pf invades erythrocytes of all ages reaching very high parisitemias (40-50 percent)

· Acidosis results from Pf’s reliance on glycolysis

· Quinine and quinidine cause insulin secretion, depleting glycogen in the liver.

· Microvascular sequestration:  maturing trophozoite transports attachment proteins across the erythrocyte cytosol to form knobs on the surface of infected erythrocytes.

· The knobs bind ICAM, CD36, Thrombospondin, and E-selectin

· This causes sequestration of mature parasites in the capillary beds

· Haploid genomes contain 50-150 variable Pf EMP genes composed of variable regions to evade immune system

· Microvascular cytoadherence causes markedly decreased perfusion

Cerebral malaria:  adherent infected erythrocytes decrease blood flow and release cytokines.  Steroids have no effect.

Anemia:  Increased destruction and decreased production and heme sequestration.

Placental malaria:  Exposure of Chondroitin Sulfate A on placenta endothelial cells causes Pf to glom onto placenta.  This disrupts placental function.

Plasmodium vivax and Plasmodium ovale
Causes mostly a febrile illness.  It results in rare deaths from splenic rupture

Parisitemia is only 3-5 percent due to the fact that it only hits reticulocytes

Both vivax and ovale have hypnozoite stage.

Relapse:  recurrent disease caused by emergence of liver stages

Recrudescence:  recurrent disease due to persistence of parasite in the bloodstream

Immunity to malaria
1. Maternal antibodies and fetal hemoglobin are protective

a. Neonatal infection is usually asymptomatic

2. Partial antibody immunity after years of exposure

3. Partial immunity, however, is lost without continuous exposure

4. Both B and T cells are important in generation of immune responses.

5. Vaccines are limited

a. Complicated lifecycles

b. Not much lasting immunity

c. Current goal:  sporozoite targeting

Malaria hypothesis:  Human genetic variation has been driven by malarial pressure

· Beta globin chain structure (sickle cell)

· Rate of chain synthesis (thalassemias)

· G6PD levels

· Duffy antigens

Other protozoa
Leishmania
Transmitted by the sand fly and sometimes by dirty needles.

It is a zoonotic disease transmitted to humans from animals via sandflies.

It has a dimorphic life cycle:


Amastigotes:  reside in human reticuloendothelial cells; this form is ingested by the sandfly.


Promastigotes:  resides in the sand fly, injected into humans.

Promastigote is injected by sandfly ( Ingested by macrophage ( Converts to amastigote ( Ingested by sandfly ( Converts to promastigote lives in sandfly’s GI tract
Syndromes:

· Cutaneous:  throughout the world; caused by L. major, L. tropica, L. mexicana

· Incubation is 2 weeks to several years

· Manifests as a non healing ulcer

· Mucosal:  L. braziliensis, others

· Infects the nose, oral cavity, pharynx and larynx

· Diagnose via biopsy

· Visceral:  L. donovani, others

· Infects the reticuloendothelial system

· Incubates 3 to 8 months

· Symptoms are fever, weakness, weight loss, hepatosplenomegaly, kala azar (gray color)

· Secondary bacterial infections are common

· Diagnosis:  Giemsa or DFA; Culture, or PCR

Toxoplasmosis
Acquired by the ingestion of undercooked meat, and by oocysts in cat poop (definitive host is the cat).

Pregnant women and the immune compromised are in danger.

The disease is fairly widespread and most people have been infected.  It is endemic in the United States.

Primary infection:  Usually subclinical, but it can produce a mononucleosis-like syndrome.

Disease is usually due to reactivation of dormant infection:

· Encephalitis

· Brain lesions (cysts)

· Chorioretinitis

· Myocarditis

· Pneumonitis

In pregnant women, there is usually no reactivation.  In women not previously exposed, in other words primary infection is where you see problems.  It can cause severe CNS and systemic problems in fetuses, even if the mother shows no signs.

Diagnosis:  Serology; Biopsy (particularly of brain lesions)

Trichomonaisis
Caused by trichomonas vaginalis.

Endemic in the United States.

The organism exists as a trophozoite only, dividing by simple binary fission.  It causes vaginitis, with a big spectrum of disease in females.


Asymptomatic (50%)


PID in severe infections

In males, it also ranges:  75% asymptomatic, epidydymitis, prostatitis.

Uniquely, the organism can survive for up to 45 minutes on clothing, bathwater, or washcloths.

Treatment:  flagyl

Entamoeba histolytica
Active trophozoites exist only in host; the cyst form survives outside of the host.

More common in developing countries, but many groups are at risk.

Diarrhea (dysentery) is the major disease; however, there can be dissemination, which would lead to liver abscesses.  These liver abscesses can rupture and go to the lungs or pericardium or the brain.

Diagnosis is by stool O&P and serology.

Cryptosporidium
· Intracellular parasite with a hardy thick walled cyst stage.

· Worldwide distribution

· Causes epidemic diarrhea and severe diarrheal illness in AIDS patients

· The disease is transmitted person to person and also by dirty water.

· Symptoms:  Large volume secretory diarrhea, cramps, weight loss, nausea and vomiting; fever.

· Diagnosis is by Stool O&P; however, you need to order an ACID FAST STAIN

Giardia lamblia
· Causes diarrhea, cramping, flatulence.  It has an acute onset, and there’s not much blood.

· The disease is quite infectious.

· Most common fecal parasite causing diarrhea.

· Day care centers, travelers, campers, fecal oral sex contact, well water on farms.

· Diagnosis is by O&P and there is a specific antigen test.

Helminthic Infections
General principles of helminthic disease:

1. Unlike viruses, bacteria, and protozoa, adult helminthes do not multiply within definitive host.  

a. Important exceptions:  capillariasis, strongyloides, sometimes taeniaisis

2. Most infected patients have low worm burdens, while a small minority has very high burdens

3. Disease correlates with worm burdens

a. People in endemic areas are heavily parasitized but have little disease from inflammation

b. Expatriates tend to have exuberant inflammatory responses with severe disease and low worm burdens.

4. Long term infection of adult worms in the absence of therapy is variable.  It depends on the life span and cycle of the helminth.

5. Most tissue dwelling helminthes produce eosinophilia

Trematodes (flukes):  Schistosoma

Schistosoma mansoni is found in SA, Caribbean, Africa, and Middle East

Schistosoma haematobium is found in Africa and the Middle East

Schistosoma japonicum in the Far East
· Fresh water becomes contaminated by schistosoma eggs when infected people pee or poop in the water (dirty bastards).

· Cercaria penetrate human skin

· Schistosoma parasites penetrate the skin of people wading, swimming, bathing, or washing the water.

· Within weeks, the worms grow inside the blood vessesl and produce eggs.

· The eggs travel to the liver or pass into the intestine or bladder.

· Rarely, the eggs can go to another site and cause major problems (aka embolic egg granulomas)

· Note that many infections are asymptomatic

· Non human bird cercariae can penetrate skin and cause swimmer’s itch.

· Diagnosis is made by finding the eggs in the stool (s. mansoni, s. japocinum) or pee (s. hematobium)

Cestodes (Tapeworms):  Taenia


Taenia solium is pig tapeworm



Taenia saginata is cattle tapeworm

· Saginata produces only mild abdominal symptoms with passage of proglottids.

· Solium can cause cycticercosis; note that a cysticercus is the LARVAL form of the parasite.

· Humans infected by eating raw or undercooked infected meat (or by eating poop)

· Disease is found worldwide

· Muscular cysticerci do not usually cause symptoms

· Cysticerci may float in the eye and cause vision problems

· Cerebral cysticercus is terrible:  seizures, mental state changes, focal neurologic deficits, sudden death, etc.

· Diagnosis is by finding eggs and proglittids; note that you cannot diagnose cysticercosis with this.

Intestinal roundworm (NEMATODE):  Adult in intestine, eggs in feces.  Larva may move to various tissues or encyst.

Filarial roundworm (NEMATODE):  Adult in bloodstream, microfilariae cause disease in tissues and microfilariae are infective to insects.  In the insect, microfilariae change to larval forms and that are infective for human host.

Trematode, fluke flatworm:  Adult worm in portal and bladder veins sheds eggs in bloodstream that are excreted by feces/urine to water, hatch miracidium that infect snail that shed cercariae that infect the mammal.

Cestode flatworm:  adult worm in intestine shedds proglottid that contains eggs.  Eggs are ingested to form larva or oncosphere that circulates to change to form certerci or cysts in muscle or brain.

Eosinophilia:  Eosiniophils are associated with an IL5 mediated TH2 response from CD4 lymphocytes.

Causes of eosinophilia:

· Allergy

· Infection – particularly helminthic infections

· Neoplasms

· Hypoadrenal syndromes

· Atheroembolic disease

Important points about eosinophilia:

· Eosinophilia is caused by tissue dwelling helminthes

· High grade eosinophilia may be prominent during the perpatent period before eggs or other forms in tissues.

· The degree of eosinophilia is higher in short term visitors

· Infections with eosinophilia are often asymptomatic with symptoms developing months to years after exposure

· Absence of eosinophilia does not exclude helminth infection

· Acute bacterial, viral, and protozoan infections suppress eosinophilia ( due to corticosteroid release

· Highly sustained eosinophilia can cause endomyocardial fibrosis.
Bioterrorism
Criteria for Category A substances:  A substance is Category A if it could have/be/cause…

· Public health impact based on illness and death

· Easily disseminated; delivery potential to a large population

· Stability

· Ability to mass produce

· Potential for interperson transmission

· Mass casualties which may overwhelm the healthcare system

· Ability to cause panic and social disruption

· Requires special preparedness 

· Diagnostics, surveillance

· Stockpiling of countermeasures

Rickettsia and Burkholderia were recently added to the Category A list.

Smallpox:  significant person to person spread

· Droplet transmission (quite transmissible)

· Prodrome with fever

· Starts with a rash

· Painful

· Starts on the face, spreads to arms and legs, hands and feet, last on trunk

· All lesions are the same stage of development (no crops)

· Ends when scabs fall off

· Case fatality rate = 30% (quite deadly)

	Small pox
	Chicken pox

	No crops
	Crops

	Head-->extremity-->trunk
	Trunk first

	Painful indented pustules
	Itchy vesicular rash

	Ugly
	Not as ugly


Anthrax:  very deadly

· Incubation period depends on inoculum (1 to 48 days)

· First 2-3 days:  headache, malaise, fatigue, myalgia, fever

· Then, sudden respiratory distress

· Hemorrhagic mediastinitis, effusion, pneumonia

· Meningitis in 50%

· Shock, death

· All patients with this disease have an abnormal chest X-ray:  looks like a pneumonia

· Spores take a very long time to clear, requiring vaccine or long term antimicrobial prophylaxis

Infections in the Immune Compromised
Transplanted patients:
Corticosteroids:  multitude of immune effects, but primarily affects the function of innate-effector cells and T cells.

Less than 1 month (  Nosocomial infections

1-6 months (  Reactivation infections (e.g. CMV) and pathogenic mycoses

After 6 months (  Infections less common

HIV/AIDS patients:

Recommendations:  
Start HAART at 350




200 or below, start Bactrim (for PCP and Toxo)






aka sulfamethoxazole + trimethoprim

CD4 counts and disease:

400( Herpes zoster

350( TB (10% of patients will have normal CXR)

300( Oral candidiasis

200( PCP

150( Esophageal candidiasis

100( Toxoplasmosis, cryptococcosis

50  ( MAC attack, CMV (retinitis and pneumonia), cryptosporidiosis, PML

