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I don’t mind a parasite. I
object to a cut-rate one.

Rick (Humphrey Bogart) 
Casablanca, 1942



What is a parasite?

par·a·site (păr'ə-sīt') n.

1. Biology. An organism that grows, feeds 
& is sheltered on or in a different 
organism while contributing nothing to 
the survival of its host. 

2a. One who habitually takes advantage 
of the generosity of others without 
making any useful return. 

2b. One who lives off & flatters the rich; a 
sycophant.

3. A professional dinner guest, especially 
in ancient Greece.

[Latin parasītus, a person who lives by 
amusing the rich, from Greek 
parasītos, person who eats at 
someone else's table, parasite : para-, 
beside; sītos, grain, food.]



Parasites are:

• Tragic (Many lives are lost or 

reduced in quality and duration.)

• Interesting (There’s a lot of biology 

that is different that what happens 

in other types of organisms. Also, 

they influence history in some 

pretty amazing ways!)

• Funny (At times, a topic for 

cartoonists and those with a 

bathroom sense of humor. 

Particularly true of parasites that 

are grotesque but not especially 

damaging to the host, like 

tapeworms.)



Parasites are just like us

1. Where & how you travel
2. Where you live
3. Your relationships
4. The success of your children



Commensalism, Mutualism & Parasitism

Commensalism: a relation between individuals of two species 

in which one species obtains food or other benefits from the 

other without either harming or benefiting the latter. 

Mutualism: two organisms of different species exist in a 

relationship in which each individual benefits from the activity 

of the other.

Parasitism: a non-mutual relationship between species, where 

the parasite benefits at the expense of the host.



Prokaryotes & Eukaryotes

A prokaryote is a unicellular organism that lacks membrane-bound organelles. 

Prokaryotes are divided into two domains, Archaea and Bacteria. The first living 

organisms are thought to have been prokaryotes.

A eukaryote is an organism whose cells have a cell nucleus and other organelles 

enclosed within membranes. Eukaryotes can be unicellular or multicellular organisms. 

Eukaryotes are more complex and versatile than prokaryotes & are thought to have 

evolved from an association between 2 prokaryotes.



Eukaryotic Evolution



Origins of Mitochondria & Chloroplasts

Mitochondria are thought to have evolved from α-

proteobacteria to generate the LECA (last eukaryotic 

common ancestor).

Chloroplasts are thought to have evolved from 

cyanobacteria after LECA acquired the mitochondrion.

Bacterial genomes encode thousands of proteins. 

Plastids and mitochondria have a dramatic reduction:

• chloroplast genomes ~20-200 proteins

• mitochondrial genomes ~3-13 proteins



Metabolic streamlining & host dependency

Prototrophy: the ability to synthesize all the complex 

compounds (amino acids, etc.) needed for growth. 

Auxotrophy: the inability of an organism to synthesize a 

compound required for its growth. 

Once cohabitation has led to the parasite to discard an 

essential pathway supplied by the host, auxotrophy forever 

enslaves the parasite to a dependent relationship with its host. 



Metabolic dependency

Mutualism: each organism 

provides something that is 

essential for the other. 

Parasitism: the host organism 
provides something that is 
essential for the parasite without 
getting anything in return. Once 
the parasite cannot synthesize 
this thing, it must obtain it from 
another source.



Amber is fossilized tree resin (pitch) and often contains trapped insects. 

This fly released a cloud of nematode parasites as it was trapped in pitch 

some 14-45 million years ago.

Parasites Are Ancient



Parasites Are Ancient

• Asclepius, the Greek god of medicine holds a staff with a snake twined on 

it. This likely represents the traditional method of removing Guinea worm 

by winding it on a stick.

• A statue of Mentuhotep II, Pharaoh of Egypt ~2046-1995 BC displays 

swollen legs which likely represent elephantiasis caused by chronic 

infection with filarial worms.



Parasites Are Ancient

• Peruvian Mochicas illustrate scarring from cutaneous and mucocutaneous 

Leishmania infection.

• Ancient tomb paintings in the Sakkara necropolis in Egypt show distended 

abdomens that are characteristic of schistosomiasis.



Types of Infectious Disease
• Viruses: parasitic genetic material, requires extensive host cell machinery 

to replicate: (rhinovirus/the common cold, HIV/AIDS, influenza/the flu).

• Bacteria: prokaryotes (Salmonella, Staphylococcus, Strep). 

• Fungi: eukaryotic pathogens (Candida/thrush, Athletes foot).

• Protozoan Parasites: unicellular eukaryotes, some can also be free-living, 

some must live inside host cells while others are extracellular in a host.

• Helminth Parasites: multicellular “worms” -- some are free-living in the 

environment, others only live in hosts, some of these must live inside host 

cells while others are extracellular.

• Ectoparasites: lice, fleas, mites: parasites that live outside of its host.



“Parasites” in parasitology classes

Parasites are extremely diverse eukaryotes. Distinguishing 

worms & protozoa as “parasites” in contrast to other 

infectious agents (viruses, bacteria & fungi) probably has its 

origins in the history of colonialism and tropical medicine.



The Parasite Burden
500 million people have protein energy malnutrition

350 million people have iron deficiency anemia

Malnutrition is exacerbated by

increased population (not enough food)

environmental degradation (decreased food yield)

political conflict (disruption of societal structure)

Caloric energy is wasted by fevers caused by human infections with 

parasites. A single day of fever caused by malaria requires ~5,000 calories 

 energy demand equal to 2 days hard manual labor

In a disease endemic human population (typical numbers)

33% have malaria

90% have worm burden

8% have active TB

Average adult diet: 2,200 calories/day, above this for people with infections 

Energy demand = 7500 tons of rice/month/million people over normal 

requirements. Waste of 22-30% of total energy yield from grain production



Some definitions

Disease: ill health. This can have a behavioral 

and/or genetic origin (heart disease, 

alcoholism) or be due to an extraneous 

organism (infectious disease). 

Pathology: a deviation from normal health to 

disease. 

Pathogens: any extraneous organism (virus, 

bacteria, fungi, protozoan or worm) that infects 

a host to cause disease (pathology).

Virulence: the degree of pathogenicity of a 

pathogen (i.e. its ability to cause disease 

(pathology). Virulentus (Latin) “full of poison.”

Host: the infected individual who harbors the 

pathogen.



Disease Sources

Human sources

Diseases that only infect humans

Example: Trichomonas vaginalis (protozoan STD)

Animal sources

Zoonoses - animal diseases that occasionally occur in humans

Example: trichinosis (parasitic worm) from undercooked pork

Inanimate disease sources

Food, Water, Soil

Example: Naegleria fowleri (free-living protozoan & accidental pathogen)



How are parasites transmitted?

Plasmodium, 
Trypanosomes, 

Onchocerca

Trichomonas
Hookworm, Schistosomes

Naegleria fowleri

Toxoplasma, 
Giardia, tapeworm

Invasive

Direct contact

Foodborne

Waterborne

Inhaled

Vector-borne



Routes of Infection

Oral/fecal cycles: encysted protozoan stages (Toxoplasma, 

Giardia) or helminth eggs (tapeworms) persist in the 

environment after being shed in feces. These are ingested in 

contaminated food or water to initiate infection.

Blood sucking insects: are both hosts for and vectors of 

protozoan (malaria, sleeping sickness) and helminth (filarial 

worms) parasites.

Other: Inhalation of Naegleria from fresh water, sexual 

transmission of Trichomonas. Hookworms and schistosomes 

directly invade into skin.

Many parasitic infections can be reduced or eliminated by public health 

measures (clean water, shoes, bed nets) that are not adequately available in 

endemic countries.



Vertical transmission

Pregnancy: some parasites, particularly those that circulate in 

the blood, can cross the placenta & infect the unborn child (i.e. 

Toxoplasma gondii & Trypanosoma cruzi)

Labor & delivery: Trichomonas vaginalis can infect neonates 

during vaginal delivery, causing lung & urinary tract infections.

Breastfeeding: Hookworm larvae become dormant in pregnant 

women & resume development after childbirth with infectious 

larvae passed to neonates in breast milk.



Factors influencing transmission

overpopulation & urban crowding increase transmission: 

ecotones are created as cities grow and impinge on wildlife: 

the diversity of life is higher at interface of human and wild 

zones and animal reservoirs transmit diseases to humans

human modification of the environment
deforestation & urbanization create ecotones

dams slow waters and promote growth of snails & mosquitos

agriculture modifies the environment

political instability disrupts healthcare and stable societies

fecal-oral contamination of environment 
lack of sewerage disposal systems

use of night soil as fertilizer  contaminates food & food



Access to affordable and effective medications

Parasitic infections, like many other serious human diseases, urgently 

require new & improved medications:

lack of effective treatments

drug resistance

drug toxicity

The cost of bringing a new drug to market ~$2.5 billion. This cost cannot 

be sustained through drug costs to people in disease endemic countries 

who have GDPs in the range of hundred of dollars.

Even old, highly toxic & often ineffective medications bankrupt families.



Life Expectancy



Parasites Perpetuate Poverty

Parasitic infections are mostly preventable with access to:

screens/bed nets/insecticides (vector borne)

safe food/water/sewerage disposal (water & foodborne)

Parasitic infections are mostly curable with drugs 

must be affordable (mostly not the case now)

effective (resistance, counterfeit drugs, few new drugs)

accessible (reach the people who need them)

Chronic parasite infections keep people in disease endemic 

countries in poverty.



The Parasite To-Do List

1. Achieve transmission (host to host)

2. Enter host (invasion)

3. Maintain its position within host

4. Find a mate (in host)

5. Successfully reproduce in and release progeny from host

6. Evade destruction by the host immune system, at least until 

reproduction is complete

Where & how you travel

Where you live

Your relationships

The success of your children



The immunity of an animal is, therefore, explained as being 
due to the great energy of the cells of its body, which are able 
to appropriate nutritious substances for themselves, and in so 
doing to deprive parasites of them.

--Paul Ehrlich, 1908

To parasites, in the 
absence of adequate 

immune defenses, your 
body is an all you can eat 
buffet and so much more.

Immunity to Parasites



Immune System Protection

Viruses: very small subcellular agents (HIV, 

Zika virus)

Bacteria: prokaryotes (whooping cough, 

tuberculosis)

Protozoa: eukaryotic single-cell 

microorganisms (malaria & Toxoplasma)

Fungi: eukaryotes, exist as single cells or 

simple multicellular organisms (Candida)

Multicellular parasites: relatively large 

eukaryotic organisms (tapeworms)

The immune system is also important in 

fighting cancer

“Non-self”

“Altered-self”



Innate & Acquired Immunity

Innate immunity: 
 on all the time

 recognizes general differences with cells from our body

 not specific to an individual parasite

 not as effective as acquired immunity (AIDS affects acquired immunity)

Acquired immunity: 
 Develops over time in response to a specific infection or vaccine

 recognizes specific differences with cells from our body

 uses antibodies, B cells & T cells to kill parasites

 memory means that after exposure to a specific pathogen, we retain an 

ability to rapidly and specifically respond to the pathogen

 this is why vaccines are protective (when they work)



Warfare In Your Body



Collateral Damage



The Arms Race



Some stories of parasites & people

1. Chagas disease

2. Malaria

3. Hookworms

4. Guinea worm



Parasite #1: Trypanosoma cruzi

• 6-7 million infected, mostly in Latin America

• occasionally in southwestern portion of US

• kissing bugs spread the disease (vector)
infects all mammal species native to South & Central America 

• curable if treated soon after infection
screening to prevent infection by transfusion or transplant

diagnosis critical in pregnant women & newborns

• chronic infection  life-threatening disease (Chagas disease)
~30% of chronic infections induce cardiac alterations 

~10% develop digestive or other alterations 

world's leading cause of heart disease 



Trypanosoma cruzi Life Cycle 

Infectious form in feces of infected kissing bug (insect vector)

bite sleeping victim near mouth or eyes at night

bite is painless (“kissing”) 

ingests blood 

defecates next to bite wound, releasing parasites in feces

important reservoir hosts: rats, dogs, sloths, bats & primates 

Positive blood donations



Trypanosoma cruzi transmission

infected bug feces rubbed into bite wound or eye 

infected bug feces dropped into mouth of sleeping person

blood transfusion

bone marrow or organ transplant

mother can infect fetus across placenta

outbreak in Brazil linked to sugar cane drink 
juice contaminated with “kissing bug extract”

30 people infected  high mortality
Eye infection 

(Romana’s sign)





Chronic T. cruzi infection

myenteric plexus damage: (reduced innervation of GI track)
~10% suffer from digestive or other problems

loss of muscle tone & organ enlargement

mega-esophagus & mega-colon

heart damage 
~30% of patients have cardiac disorders 

erosion of heart tissue

aneurism & heart failure

Myenteric plexus: a neural network that regulates gut motility. 



Clinical T. cruzi infections

Cardiomyopathy: heart transplantation is not an option; 

cyclosporine used to prevent transplant rejection is 

immunosuppressive and T. cruzi replication is uncontrolled 

patient death. 

Screen for blood for transfusions & organs for transplantation

Drug treatment (benznidazole or nifurtimox)

effective if given soon after infection (acute phase)

efficacy diminishes the longer a person is infected

~40% experience serious adverse reaction

FDA approval in August 2017 for benznidazole

Prior to this only available through the CDC



Darwin & The Voyage of the Beagle

We slept in the village, which is a small place, 

surrounded by gardens, and forms the most 

southern part that is cultivated of the province 

of Mendoza; it is five leagues south of the 

capital. At night I experienced an attack (for it 

deserves no less a name) of the Benchuca (a 

species of Reduvius) the great black bug of the 

Pampas. It is most disgusting to feel soft, 

wingless insects, about an inch long, crawling 

over one's body. Before sucking, they are quite 

thin, but afterwards become round and bloated 

with blood, and in this state are easily crushed. 

They are also found in the northern parts of 

Chile and in Peru."



Darwin may have suffered from chronic Chagas disease

In Voyage of the Beagle he wrote of waking covered with “well-fed” bugs

Today >70% of triatomids in the region are infected with T. cruzi

Darwin brought back some triatomids (fed them on sailors)

Darwin was active hiker & mountain climber during expedition

1836 - he returned to England

1838 - his health became poor (vomiting, flatulence & fatigue) 

1845 – his diaries describe his mysterious illness: 

I believe that I have not had a whole day, or rather night without my stomach being 
greatly disordered during these last three years & most days great prostration of strength.



Chagas in the US

• Recent studies  7.5% of a national sample of Chagas-positive blood 

donors and 36% of a sample of donors from southeastern Texas 

seemed likely to have acquired their infections in the U.S. 

• Blood donor samples may be biased in ways that make them under-

represent the wider population: poor or sick people—those most 

vulnerable to the parasite—may be less likely to donate blood.

In laboratory experiments, infected bed bugs can transmit T. cruzi infection 

to laboratory mice via feces deposited near a bite wound and clean bugs 

can pick up the parasite from infected mice.



2009: 19-year-old white male (born & raised in Simi Valley)
blood donation at local high school

tested positive for T. cruzi antibodies (seroprevalence 1/3800)

treated at UCLA Medical Center
unremarkable medical history (healthy) 

no blood transfusions or organ transplants 

no history of significant travel to endemic areas

frequent outdoor activities (San Diego, Kern, & Ventura County; 

Grand Canyon, Bryce Canyon, and Zion national parks)

parents were born & raised in US & seronegative

no risk factors other than vector contact: suggests patient acquired infection

in US, most likely by contact with feces of infected kissing bug.

Chagas transmission in LA



STOP & GIVE YOUR AUDIENCE A BREAK!



Parasite #2: The Malarias

4 species cause malaria in humans: Plasmodium falciparum, 

Plasmodium vivax, Plasmodium ovale, & Plasmodium malariae

mosquito-borne infections

formerly found in much of world (including US)

generally restricted to tropics & subtropics

seasonal outbreaks in temperate zones

increased prevention and control measures have led to a 

reduction in malaria mortality rates by 47% globally since 2000

2013: 198 million malaria cases and ~584,000 deaths 

3.2 billion people (~50% of the world population) are at risk 

every minute, a child dies from malaria



Malaria is an ancient human disease

Early writers in China, Syria & India describe intermittent fevers

attributed to evil spirits

5th century B.C. – Hippocrates 
classified fever types: quotidian (daily), tertian (alternate days) & 

quartan (fever three days apart)

noticed ill had large stiff spleens (characteristic of the disease)

assumed disease caused by vapors from swamps: draining of swamps 

reduced malaria cases (mal aria means bad air)



Malaria as a Biological Warfare Agent
Napoleonic Wars (1803–1815): a series 

of conflicts between the French Empire 

& coalitions led by the United Kingdom.

1809: Walcheren Campaign

• 40,000 British soldiers sent to 

Walcheren (an estuary island) in the 

Scheldt river to block French use of 

the port of Antwerp (the Netherlands)

• Napoleon flooded the area to allow 

malaria to spread (more water = more 

mosquito vectors). "We must oppose 

the English with nothing but fever, 

which will soon devour them all." 

• >4,000 British troops died during the 

expedition, only 106 died in combat

https://www.malariasite.com/wars-victims/



Malaria, WWII and Dr. Seuss

World War II: 60,000 US troops died in Africa & South Pacific from malaria.

Gen. Douglas MacArthur “This will be a long war if for every division I have 

facing the enemy I must count on a second division in hospital with malaria 

& a third division convalescing from this debilitating disease!”

Dr. Seuss & other artists prepared informational brochures for the military.

http://www.sel.barc.usda.gov/diptera/ann2.htm
http://www.sel.barc.usda.gov/diptera/ann2.htm


Quinine to treat malaria

natural product (alkaloid)

from bark of the cinchona “fever” tree 

discovered by the Quechua Indians of Peru

Spanish were aware of medicinal properties 

of cinchona bark by 1570s

brought to Europe by Jesuit missionaries

quinine isolated from tree bark in 1817 

bitter (gin & tonic developed to mask taste)

inhibits malaria parasite replication

remains an important therapy today

Quinine in tonic water 
fluoresces!

Sin-kona

http://upload.wikimedia.org/wikipedia/commons/b/b2/Tonic_water_uv.jpg
http://upload.wikimedia.org/wikipedia/commons/b/b2/Tonic_water_uv.jpg


The US & Malaria in WWII 

US lost as many troops to malaria as to enemy forces

malaria in North Africa, Asia & the Pacific

60,000 U.S. troops died in Africa & South Pacific

• cinchona plantations in Java (“Dutch East Indies”) 

• monopoly on quinine production (97% by 1930).

• May 1940: Nazi forces capture Holland (colonial ruler)

• February 1942: Japanese forces capture Java & quinine supply

US anti-malaria program was part of war:

synthetic antimalarial drugs: chloroquine, amodiaquin, 

primaquine, proquanil & pyrimethamine 

also residual insecticides: DDT



The US & Malaria in WWII 

14,000 compounds that were effective in animal models of 

malaria were tested on prisoners at the Atlanta Penitentiary

experimental infection with P. vivax

ethics questioned during Nuremberg trials

Atabrine: (quinacrine) somewhat effective

turned skin yellow & caused “temporary insanity” in some

structurally related to mefloquine



Malaria in the US

• endemic in the US until late 1940’s

• most transmission occurred in the 

southeastern states (This is why 

the CDC, originally dedicated to 

malaria control, is in Atlanta)

• eradication by vector elimination: 

spraying with DDT & draining 

mosquito breeding grounds



Malaria in the US Prior to 1941

American anti-malaria posters used in the 

eradication efforts circa late 1940s.



Malaria in the US Prior to 1941

National Malaria Eradication Program (1947-1949) applied DDT in rural 

homes where malaria was prevalent. It also included drainage, removal of 

mosquito breeding sites, and spraying of insecticides. Other strategies 

included installation of window screens and improved access to medical 

care. In 1949, the country was declared free of malaria as a significant public 

health problem. 

Mortality Distribution



Plasmodium Life Cycle



Alternative infection routes

induced malaria: infection with erythrocytic phase merozoites 

as a result of a needle shared among users or a blood 

transfusion from an infected donor 

congenital malaria: transplacental infection 

sequestration of malaria parasites in the placenta is a major 

cause of death, fetal mortality, fetal wastage & low birth weight 



Malaria Pathogenesis 

fever, chills & sweating 

synchronous rupture of infected RBCs causes fever

general malaise, myalgia & headache 

characteristic periodicity of fever due to synchronous infection

periodicity of fever episodes of = time it takes for parasites 

to infect RBCs and to replicate before lysing the erythrocyte



Malaria Pathogenesis 

classical pattern of clinical disease 
attacks of chills & fever (reaching 41°/105.8) lasting 6 hours 

sweating, malaise, nausea, anorexia & abdominal pain

anemia with elevated reticulocyte count 

anemia (caused by hemolysis, severe in falciparum malaria)
destruction of infected RBC by replicating parasites

uninfected cells have increased fragility

spleen pathology:
infected cells accumulate here

chronic infection causes enlarged spleen 

disruption of spleen function may prevent strong memory response

cytoadherence: infected RBCs adhere to capillaries
prevents spleen from filtering out

cerebral malaria: cerebral capillaries blocked by infected RBCs 

Malaria during pregnancy: cytoadherence blocks placental circulation 

 miscarriage, premature delivery, growth retardation, death of mother.



Genetic Factors & Malaria Resistance

Genetic traits in human populations confer malaria resistance: 

these have been selected for in endemic areas.

glucose-6-phosphate dehydrogenase deficiency: hemolytic anemia 
beta-thalassemia: reduced expression of β-hemoglobin gene

ovalocytosis: altered RBC shape causes increased RBC removal by spleen

sickle cell hemoglobin gene: E6V mutation in β-hemoglobin gene causes 

hemolytic anemia:

low O2 concentration  RBC shape change  spleen removes

balanced polymorphism: (AS heterozygotes have advantage) 

AA homozygotes: normal hemoglobin & malaria susceptible

SS homozygotes: malaria resistant, but anemia leads to death

both AA & SS are disadvantageous 

high S gene frequency = malaria deaths must exceed 25% to fix S gene

A S

A AA AS

S AS SS



Malaria Treatment

prophylaxis & treatments constantly change 

combination therapies 

slows development of drug resistant strains

strains resistant to all of known drugs reported

we need new drugs & new drug targets!

Malaria parasites require the activity of a chloroplast!



Malaria Parasites Need Chloroplast Activity

chloroplast found in plants, algae & some protozoa
originated from cyanobacteria endosymbiosis

enabled photosynthesis, starch storage, fatty acid & terpene synthesis

secondary endosymbiosis creates complex plastids
eukaryote engulfs a chloroplast containing organism & retains plastid 

may have reduced metabolic capacity (no photosynthesis)

essential organelle for malaria
required for synthesis of IPP

inhibited by macrolide antibiotics



Malaria in Southern California

P. vivax outbreaks 
spread by new mosquito vector A. hermsi

21 outbreaks in US

14 outbreaks in California 1986-89

1988: Lake Hodges (25 miles N of San Diego) 
2: permanent residents with no malaria risk factors

28: agricultural migrant workers near Lake Hodges



Malaria in Southern California

Are we at risk of re-introduction of malaria in the US?

Likely sporadic cases only.

We have access to effective preventative measures:

 Screens

 Mosquito monitoring program

 Mosquito spraying program 

 Access to medicines



Parasite #3: Hookworms

2 major species infect humans

Necator americanus

Ancylostoma duodenal

infect ~740 million in developing nations of the tropics

one of most prevalent human infections worldwide

one of most common causes of iron deficiency anemia

more deaths & disability than any other helminths 



Hookworm Life Cycle

eggs from human feces hatch & larvae feed on debris in soil

grow & develop to infective filariform larvae

do not consume food & arrested development

seek highest point in environment (tops of grass) 

likely contact with human skin (questing)

larvae actively penetrate through skin

larvae enter capillaries & travel to lung

break out of alveolar capillaries & crawl into pharynx 

swallowed  stomach  intestine

development of adults in small intestine 

feed on host intestinal mucosa & blood

blood loss in intestine  protein deficiency & anemia 





Hookworm Infection

infected children:

physical & cognitive development deficits 

increased susceptibility to other infections

infected women:

anemia & malnutrition in pregnancy (~40 million)

decreases intrauterine growth & birth weight  

increases likelihood of premature birth 

contributes to maternal mortality

adult hookworms inhabit small intestine 

feed on host intestinal mucosa & blood

blood loss from worms in intestine 

protein deficiency 

iron deficiency anemia 



Hookworm Pathogenesis 

Penetration & migration of hookworm larvae
inflammation with repeated infection

migration to lungs causes pulmonary inflammation 

Adult worms in small intestine
suck blood from attachment site

secreted anticoagulant

blood loss continues after worm moves 

each worm sucks 0.01-2.2 mL blood/day

Hookworms rupture ingested RBCs & digest hemoglobin



Hookworm Clinical Disease 
iron deficiency anemia due to blood lost in intestinal tract 

sometimes leads to congestive heart failure 

during pregnancy: prematurity or low birth weight 

can result in gastric pain & abdominal discomfort

koilonychia: fingernail concavities

hypochromic anemia: yellow-green discoloration of skin

(due to reduced hemoglobin in RBCs)

children with severe infection have protein malnutrition
physical growth retardation

deficits in child cognition and intellectual development.  

reversed by administration of anthelminthic drugs

Koilonychia
(spoon-shaped 
nails) due to 

severe chronic 
iron deficiency.

hypochromic anemia (R)



Hookworm Clinical Disease 

Diagnosis: 

identification of eggs in stool 

Treatment: 

adult worms susceptible to albendazole & mebendazole

children & pregnant women: drugs are toxic: trade-off 

between side effects & improvements in anemia 

Prevention & Control:

sanitary disposal of human feces

health education 

use of footwear



Parasite #4: Dracunculus medinensis

“guinea worm” or “fiery serpent” 

disfigures skin & permits serious secondary bacterial infections

“therapy” = slow extraction by slowly winding worm on stick 

until removed (used throughout world). 

WHO global eradication campaign (1986) 

prevalence fell >99% (eradicated in 8 countries)

remaining cases Sudan, Ghana & Nigeria

most in southern Sudan (war limits public-health)  



Dracunculus medinensis Life Cycle

infected copepods ingested in drinking water

juvenile parasites released in small intestine 

penetrate intestinal wall & migrate in connective tissues

mature to adult worms 

adults live in subcutaneous tissues, usually lower body 

gravid females induce skin ulcer to emerge from host

contact with water induces larval release

larvae eaten by copepods (intermediate host)

infected copepods ingested in drinking water



Dracunculus medinensis. 
The large circular blister, 
from which the worm is 

emerging, will heal leaving 
a disfiguring scar.



Dracunculus medinensis Eradication is Near

seasonal transmission 

easily detected (protruding worms) 

simple methods for control

filter drinking water (remove copepods) 

prevent infected individuals from entering water

clean water from wells (no copepods)

1986: ~ 3.5 million cases 

2015: 22 cases

2016: 4 cases



Parasite Control

Many tools to prevent parasite transmission are simple but 

also beyond the reach of people in endemic countries

Malaria & SA trypanosomes

Guinea worm
Hookworm

Hookworm

Good plumbing has done 
more for good health than 
good medicine.

-- William Trager



Antiparasitics

medications that treat parasitic diseases: 
caused by helminths and protozoa (eukaryotes)

act to destroy parasites or inhibit their growth

usually effective against a limited set of parasites 

Therapeutic index: the concentration of a drug that causes a 

therapeutic effect relative to the amount that causes 

unacceptable toxicity to the patient
balance efficacy & toxicity

selective drugs typically target unique pathways (i.e. the apicoplast)

1975-1999: 13 of 1,300 new drugs are antiparasitics
insufficient incentives to drive development of new treatments for diseases 

that disproportionately target low-income countries



How Are New Drugs Developed?

> 1200 drugs brought to the market 1975 -1997
only 1% for treatment of parasitic diseases

Cost of drug development
rules out interest by big pharmaceutical companies

inadequate animal models for helminth parasites

1.3 billion dollars to develop a new drug 
range is actually 4-11 billion dollars, factoring in failures

increased cost of clinical testing
increased number of subjects 

increased complexity of clinical trials



Mefloquine/Lariam

active against blood forms 

previously used for both prophylaxis & treatment

synthetic with similar quinolone methanol structure as quinine 

inactive against P. falciparum liver forms or hypnozoites (vivax) 

mechanism of action may be similar to quinine 

psychiatric side effects: depression, anxiety, paranoia, 

aggression, insomnia, seizures & CNS problems (0.1-25%)
• Used by US solders in Iraq  associated with increased suicides or 

violence towards family members (murder)

• August 2009: Roche stopped marketing in the US

This drug has a very similar structure to Atabrine

http://upload.wikimedia.org/wikipedia/commons/e/e2/Mefloquine_structure.svg
http://upload.wikimedia.org/wikipedia/commons/e/e2/Mefloquine_structure.svg


Qinghaosu/Artemisinin

Artemisia annua (wormwood shrub) 

Chinese herbal medicine for ~2000 years

1972: artemisinin isolated in China 
assist with the Vietnam war (North)

2015 Nobel prize for discovery

2006: WHO: artemesisin combination therapy

2008: Resistance in SE Asia, now in Africa as well
• 21 brands of artemisinin mono-therapy found in Africa

• Africa: 35% of drugs sampled did not pass quality tests  

• Southeast Asia: 53% malaria drugs substandard or counterfeit



α-difluoromethylornithine (DFMO) 

1982: identified as treating cancer in lab mice
no activity in humans (shelved)

1990: drug kills trypanosomes
“resurrection” or “wake from the dead” drug 

revives comatose patients (late infection)

effective but expensive (total treatment $300-600)

manufacture stopped in 1995 (drug not profitable)

Topical DMFO slows growth of unwanted facial hair 
Vaniqa facial hair treatment: ~$ 100.00/tube

pressure to make drug for developing countries

corporation decided that denying the drug to those dying of sleeping sickness, while 

making cosmetic use of it did not project a very favorable corporate image

A Bristol-Myers Squibb spokesman inadvertently summed up the plight of 
sleeping sickness in 2001: "Before Vaniqa came on the scene, there was no 
reason to make eflornithine at all. Now there's a reason." Saving American 
complexions is a reason. Saving African lives, apparently, is not. ... 



Sanofi Program for affordable DFMO 

• Sanofi and WHO are collaborating to eliminate Sleeping 

Sickness by 2020

• since 2001 over 170,000 patients have been treated 

• number of new cases of Sleeping Sickness fell from 30,000 

in 2001 to 6,500 in 2011



Ivermectin/Mectizan

natural product from Streptomyces avermitilis
causes paralysis of worm musculature 

developed as a veterinary medicine 

protection against heartworms (ie. Heartgard)

treats & controls roundworms & hookworms

most broad-spectrum anti-parasitic for animals

Mectizan is ivermectin for humans:
increased purity & human approval

renamed to avoid confusion

reduces Onchocerca volvulus microfilariae in skin 

does not kill adult worms 

can prevent river blindness

In order to eradicate onchocerciasis, Merck Pharmaceuticals will 

give the drug free to anyone who needs it, as  long as required.



Martin Shkreli: the “most hated man in America”

1. Previous scheme: manipulate biotech 

stocks to cause short sales by filing 

requests with the FDA to reject new 

approvals (cancer diagnostic & 

diabetes drug)

2. Strategy as CEO of Turing 

Pharmaceuticals: obtain licenses on 

out-of-patent specialized (essential) 

medicines & increase pricing
• Pyrimethamine is off-patent but only 

produced by one US drug manufacturing 

company (Impax)

• For another company to produce it, they 

must demonstrate equal efficacy in 

comparison to current product for FDA

There was also the Wu 
Tang Clan album thing 
he did too….



Daraprim is an important drug for treating malaria and other 

elated parasites.

September 2015: 

purchased only company licensed to make Daraprim

removed drug from regular wholesalers & pharmacies 

switched to tightly controlled closed distribution

makes it harder for other companies to get samples needed for 

required testing to create other generics

boosted cost/pill from $13.50 to $750 overnight

December 2015:  Shkreli arrested after a federal indictment: 

charged with fraud (accused of running a Ponzi scheme)

We need new and alternative drugs!

Martin Shkreli: the “most hated man in America”



2015 Nobel Prize for Medicine

Satoshi Ōmura, Youyou Tu and William C. Campbell.



Parasites as Therapy

Use of parasite infection or parasite products to induce 

modulations of the immune system

Malaria as a cure for syphilis

Worms as inhibitors of inappropriate inflammation

While results may be exciting, it is important to make sure 

that any proposed therapies are tested in a controlled 

clinical setting.

to prevent dangerously unchecked infections

to use clinical trials to validate or refute the results



Parasite Therapy: Syphilis

syphilis is a sexually transmitted bacterial infection

chronic infectious phase without symptoms 

untreated infection can lead to death

neurosyphilis: destructive inflammatory response 

progressive blindness, dementia, motor paralysis



Parasite Therapy: Syphilis

without treatment, syphilis is eventually fatal
“Salvarsan” toxic arsenic-based compound discovered in 1910 antibiotics 

not discovered (or used) until 1942

observation that a high fever can cure infection 
syphilis bacteria are killed by higher body temperature

1917: “malaria cure” (pyrotherapy)

9 late stage syphilis patients inoculated with blood from soldier 

suffering from malaria  6 cured

Julius Wagner-Jauregg
was awarded a 1927 

Nobel Prize for 
“discovery of the 

therapeutic value of 
malaria inoculation in the 
treatment of dementia 

paralytica”



Parasite Therapy: Syphilis

• tens of thousands of people with neurosyphilis treated

• Plasmodium vivax most commonly used (relatively benign & 

easily treated)

• blood from malarial patients directly injected into syphilitic 

patients, regardless of blood type

• other infections (hepatitis C, cytomegalovirus)  may also be 

passed on by transfusion

• After fever, patient treated with quinine to cure the 

Plasmodium infection 



Worms as “Therapy”

Hygene hypothesis: being “too clean” causes inappropriate 

responses to allergens or to self.

2007: AutoimmuneTherapies Company started by 2 men
harvested hookworms from own feces

charged $2,000 - $3,000 per dose

marketed to people with immune disorders (MS, Crohn’s)

THIS IS A BAD IDEA WITHOUT CLINICAL TRIALS!

what worm species are you getting?

egg numbers & viability?

is the dose appropriate?

one worm that has been used is Hymenolepis diminuta

2009: Food and Drug Administration 

worms are biological products & cannot be sold before clinical trials

AutoimmuneTherapies moved business elsewhere (overseas)



Parasite Therapy: Immune Disorders

Crohn’s disease
abdominal pain, diarrhea & weight loss

immune dysfunction & altered gut flora

worm infection may reduce symptoms

dangerous to introduce infection

celiac disease
clinical trial

gluten intolerance = specific antibodies

medium-sized bowl of spaghetti triggers 

inflammation & symptoms of diarrhea, 

cramps and vomiting 

infection with 20 N. americanus larvae

gradually increased doses of gluten 

at end of trial could eat a medium-sized 

bowl of spaghetti

all participants refused medication to clear 

worm at end of trial!



Parasites as Therapy

• infection with a viable parasite may be dangerous to 

someone in ill health

• nematodes secrete many immunomodulatory products 

• products alone alter immune responses similar to those 

observed during infection 

Applied research
• immune modulators secreted by human hookworms

• identify candidates by mass spectroscopy, express & purify in 

laboratory to assay in experimental models of inflammation

• identified proteins protect mice against experimental inflammatory 

bowel diseases & asthma

• some effectors alter T cell types

• clinical trials are ongoing



Parasites are just like us

1. Where & how you travel
2. Where you live
3. Your relationships
4. The success of your children


