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EMERGING AND RE -EMERGING DISEASES

No one in the 1€00¢ cuffered from AIDS or Ebola. m
That'e because new infectious diceaces can appear , “
with little warning, Even diceacec that were thought "" .' I

to have bean conquered can re-emerge.

The pathogene (germe) that cauce infactioue diceacoe
are very clever in their eutvival ctrategiee. Often they
mutate, or they can remain dormant for a long

while before re-emerging.

Want to learn more abovt Infectiovs Diceases?
Where do Hqcbl come from? How do yov prevent them?

Keep on reading!,’

Rice Univercity — Center for Technology in Teaching and Learning http://medmygt.rice.edu



FNFECTIOUS Z/SEASES

FIEDFT VST FHACAZINE ic made poceible by a Seience Education
Partnerchip Award from the National Center for Regearch Recources, National
Inctitutee of Health (R25 RR15295). Many dedicated profeccionale beyond our
development team ascured the creativity and scientific integrity of the materiale.
These percone were ecpecially helpful in providing guidance for thic edition:

Major Bradehaw, M.D.

Dean of Education

Profeccor of Medicine

Profoccor of Molecular Virology and Microbiology

Baylor College of Medicine
Hougeton, TX

Lynn Lauterbach, B.S.

Qeience Teacher and Curriculum Coordinator
Etwin Middle School

Thompeon School Dictrict, Loveland, CO

Liliana F. Rodriguez, M.P.H., R.M. (AAM)
The Univereity of Texae Health Science Center
Office of Community and Educational Outreach
Hougeton, TX

C.J. Petere, M.D.

Profoccor of Microbiology

Profeccor of Immunology and Pathology
Director, Center for Biodefence

Univercity of Texae Medical Branch
Galvecton, TX

Copyright ©2002

Rice University, Center for Technology in Teaching and Learning
medmyct@® rice.edu http://medmyst.rice.edu

No part of thie magazine may be teproduced by any mechanical, photographic, or
electronic procecs, or ctored in a refrieval eyctem, tranemitted, or otherwice copied
for public or private use without written permiccion. Claseroom use ic excepted.



Infectious Diseases

Infectious diseases are ATED/CAL ATYSTERIES See if you don't agree.

GERM THEORY RULED!

Everyone knowg that germe can make you
cick, tight? In the middle of the 100¢
that waen’t the cace. At that time, the
French chemict, Louie Pacteur, wae
examining microbee (germe) with the aid
of 4 microgcope. Many phygiciang and seientigte believed that diceaces were not _
due to germe but from migemag (my-AS-mahg), foul-emelling vapore from Protoz0a - Courteey of CDC
decaying animal or vegetable wacte. They believed that microbec were the recult
of diceacec rather than the caugce of them.

Pacteur wac the firet to put forward the idea that individual microorganieme caused a particular diceace.
Thig idea i¢ known ag¢ Cerm Theory. Through a cetieg of experimentg, he demonctrated that fermentation and
putrefaction were caused by germe. Since germe cauced thege biological procesces, they could be regpongible
for diceacec a¢ well. Thic theory ic the foundation for the etudy of infectioue diceaces.

Our knowledge of infectioug agente hag grown cince 1€50. We now know that there are ¢ix broad
categoriec of infectious agente (pathogeng) that can enter and infect our bodiec. Not all pathogene are
microscopic. For example, come helminthe (worme) can be ceen without a microccope.

Helminthe - Courtesy of Petor Dorben

~
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lnfcoﬁovg A—ggn‘l'c

Bacteria and come fungi (cuch ac yeact) are meacured in micrometere. A micrometer ie one millionth of 3
meter (1/1,000,000). Virucee and prione are meacured in nanometere (nm), a billionth of a meter
(1/1,000,000,000). Some helminthe are microscopic, while othere are meacured in
millimetere. Tapeworme may reach a length of 30 feet.

9N

Rl..' Extremely emall particles that congigt only of profein. &
Recictant to heat and dicinfectante. 1“
'l""‘ Extremely emall particles that can only reproduce and cutvive by taking over a
living cell. They congict of nucleic acid encloced in protein.
Very emall, unicellular microorganieme that multiply by cell divigion and whoge call
M'.u ie typically contained within a cell wall. They may be epherical (coceus),
tod-chaped (bacillug), or epiral forme (epirillum).
'“"Gl Fungi have a cell wall and a cell membrane. They include the molde (filamentoug,
multicellular type) and the yeact (unicellular, epherical type).
'lmz.‘ Qimple cingle coll organieme euch ac the amoeba and paramecium.
Some have flagella or cilia and are capable of rapid movement.
Worme (multicellular ) that can be paragitec in the infectine,
m“ blood, or body ticcue.
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Infectious Diseases
A Clocer Look at lnfeaﬁou; Ags’/n'l';

J

What are What are come How do we treat What are come
these infectious diceases the diceacec they | examplec of what
agente? they cauce? cauce? they look like?
Extremely small g
S particles that . £iz
& consist only of Mad Cow Disease, No known 113y
Qs protein. Creutzfeldt-Jacob treatment §25¢
Resistant to heat Disease FF
and disinfectants. g7s
Extremely small AIDS, Common Cold, e
particles that can only Chickenpox Many are preventable | &
- POX, with vaccinations
Q?Q,% reproduce and survive Influenza, Measles, be treated < g
*-\x\\ by taking over a living Mononucleosis, so_Jrg;}e ca{r) € I Ejea € : :
cell. They consist of Rabies, Hepatitis, " talr)] e d fois {
nucleic acid enclosed in West Nile Virus, ntibiotics don <
protein. Ebola, Hantavirus work.
Very small, unicellular Anthrax, Botulism, T
microorganisms that Cholera, s B
<& | multiply by cell division. Legionellosis, Many are R S
%Q’,\QJ Cellis typically con- Lyme Disease, treatable with - H
% tained within a cell wall. Salmonellosis, antibiotics - "W~
Found as spherical, rod, Strep throat, : s R
and spiral shapes. Tuberculosis, Typhoid Ry : .
Fungi have a cell wall and : .
0 I membrane. Th Athlete’s Foot, Antifungal
acellmembrane. They , , dication: <
. include molds (filamen- Histoplasmosis, rggm'g%n;%g’ \ S
& tous, multicellular type) Ringworm, with . g
A and yeast (unicellular, Thrush antibiotics E
spherical type). o
Simple, single-cell :
organmsésggzgs the Chagas Disease, J <
5% | paramecium. Some have Amoetl)\l/lc IDysentery, Antibiotics 2 H
‘Q\Q flagella or cilia and are alaria : f) :
N capable of rapid ”s °
movement.
Worms Swimmer's Itch, — 5
207 | (multicellular) that | Hookworm, Tapeworm Medications to s
O Myl ; 1ap ’ force evacuation :
6\\ can.be pa_raS|tes n Trichinosis, or death of §
Q\é the intestine, blood, Filariasis, Horms s
or body tissue. Pinworms E

[I[N]e ls it infectiovs, or ig it oon‘hgjov;, or both? con-
FE GT' A contagious disease is one that can easily spread from one person to TA-
|°u s the next. Influenza is a contagious disease because the virus that G'OU
causes it can spread easily from the sick person’s coughing or sneezing.
Some other diseases (like anthrax, salmonella, or rabies) do not usually transfer directly from
person to person, so although they are infectious, they are not contagious.
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Infectious Diseases
Waq; in Which lnf&o‘hou; Diceaces Can $Prcaal

Some
mfechoug diceaces
are cpread through cexual

DIRECT contact or by expocure to infected
CONTACT bodily fluide, cuch ac blood or ealiva.
Examplee: Mononucleogie, AIDS,
Sexually Tranemitted Diceaces,
Hepatitic B

VECTORS/RESERVOIRS

Qome animale or incecte can
epread infectioue diceaces to
humaneg, usually through a bite.

Examples: Lyme Diceace,

Malaria, Yellow Fever, Rabiec

AIRBORNE ,

Infectioug diceages can be gpread
. through the air.
o Examplec: Colde, Flu, Tuberculogie, Smallpox,

’ : Chickenpox, Meacleg

Water or food cuppliec can become contaminated
and healthy people can get cick from
drinking or eating them.

Examplee: Cholera, Salmonells,
Typhoid Fever, E. coli

FOOD & WATER

&S

INDIRECT CONTACT

Qome pathogene can

remain on curfaces
Fi (Fomitec) that were in
~. contact with an infected percon. If
" healthy percone touch thoge curfaces

Iater, and forget to wach their handg,
the pathogene could infect them.

Examplee: Colde, Flu, Pinworme

Some Infcm‘/oug Diseases Can Spraaal in More than One Wa7.
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Infectious Diseases
A Medical Milestone

How do we know that pathogen X causes dicease Y% That ic the scame
question that the German phygician and microbiologist Robert Koch (kawk) cet
about anewering in 1€00. A cet of ctepe or requiremente that have become
known ae Koch'e Poctulatec provided the anewet fo thie critical quection.

1. The pathogen must be present in every case of the disease.

2. The pathogen must be isolated from the host and grown in
pure culture.

3. The disease must be reproduced when a pure culture of the
pathogen is inoculated into a healthy, susceptible host.

4. The same pathogen must be recovered from the newly
infected host.

Thege requitemente will often work to prove the cause of diceace —but not alwaye. " Robert Koch at work in hic lab
These ctepe have their limitatione. Some infectioug agente are difficult to grow in The Granger Collection, New York
the lab. Other infectious agente cannot be fested in animale because the pathogen only infecte humane. Thic ic
true for a diceace like cholera. Neverthelese, Koch’s Postulatec are a major contribution that helped scienticte better
judge whether there ic a cause-effect relationchip
betwean g pathogen and a diceace.

The four steps of
Koch's Postulates.

presence of pathogen
in human

isolation and growth inoculation

with pathogen
Vectors on the Move

A VECTOR ic any organigm that carriec an infectious agent such ag a bacterium, a vitug, or a protozoan from
one organigm to another. You can think of a vector much like a taxi or airplane. It ic a tranemicgion vehicle for
pathogenc. Ticke, flieg, lice, fleag, and mogquitoes are exampleg of vectors.

presence of pathogen

Lyme diceace ic caused by a cpirochete (a type of epiral-chaped bacteria) called Borrelia burgdorferi and frangmit-
ted fo humang by a tick. At the site of the bite, people develop a red citcular lecion that growe. Infected persone
euffer fever, mugele acheg, and pain in the jointe. Moct cagec in the U.S. oceur along the Atlantic coast.

LYME DISEASE is now the
\ﬁ predominant vector-borne

W = disease in the United States:

but in other parts of the world
'“'l'"'l'“ MALARIA is the most

frequently occurring
vector-borne disease, with

From left to right: The deer tick (Ixodes scapularic) appmxim ate |_>/ 270 The Anopheles mosquito, which frangmite the
adult female, adult male, nymph, and larva on a il ] ted malaria paracite (CDC)
centimeter scale (CDC) million people affected.

Malaria ic the moct prevalent paragitic infection of humane. It ic cauced by four paragites of the genug Plasmodium,
and tranemitted fo humane by the Anopheles mogquito. Infected people suffer high fever, chillg, and headacheg, and if
uniteated, the diceace can progrece to coma and death. Diagnogic i made by detecting paragitec in 4 blood cmeat.
Malaria can be treated with chloroquine and other drugs. Some malaria paracites have become regictant to treatment.

Control of the vector and ite habitat can lead to the prevention of come digeaces. Thic requires knowledge about the
vector’c life eycle, preferted hoste, tranemicgion eycleg, ¢ well ag curveillance of people and habitate.
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Infectious Diseases
Kigging_ 5u5_ Transfers PROTOZOA

Another interecting vactor-borne diceace ie Chagae (SHA-gug) Diceace. It wag firet identified by Carlos
Chagag in Brazil in 1909. The dicease-causing paracite (Trypanacoma cruzi) ic epread through the kiseing
bug'c faces. Chagas dicease currently infecte up to 1€ million people in South
and Central America.
The insect vector, Triatoma infestans, is often called
the kissing bug. It has a needle-like appendage
through which it sucks human blood.

It ic thought by come people that Charlee Darwin wag a victim of thic
diceace. Ac a naturalict aboard the frigate Beagle, Darwin vicited remote parte of
Triatoma infestans, courtesy US Navy o world, When he wae in Argentina, he had an encounter with the Chagae
Diceace Vector Ecology and Control . ) . . .
vector. In hic book, The Voyage of the Beagle, he writes: “At night | experienced
an attack (for it decervee no lece a name) of the Benchuca, a epeciee of Reduviug, the great black bug of the
Pampag. It ie mogt diggusting to feel coft winglese ingecte, about an inch long, erawling over one’s body. Before
cucking they are quite thin but afterwarde they become round and bloated with blood.”

Chagace Diceace ic cauced by the paracite, Trypanosoma cruzi, which entere the body through
mucoug membraneg after 4 bite from 3 blood-cucking reduviid bug. Incide the host, the paracite pagcee
through the circulatory eyctem and invadee many organe. They cause fever, lose of appetite, inflammation
of the lymph nodec and the heatt, liver enlargement, and other intectinal anomalies. It ic diagnoged by
finding the paragite on blood emeare and ic treated with antiparagitic druge. It can be cured only when
treated early.

There is a specialization devoted to the study of diseases
and the insects that transmit them. It is known as Medical Cntomology.
If you like insects and human biology, this may be a career for youl

COMMON HELMINTH Cavses Rear End ltch

A very large percentage of pre-cchool and school-age children
and their familieg are ectimated to be infected by Enterobiue
vermicularic (EN-ter-O-be-ue-ver-MIK-u-lar-ic). Thie infection ic cauced
by a emall, white intestinal worm, more commonly known ag g pin-
worm. [nfected percone may not r
aven know it. The only eymptom ig .
rear end itch.

Pinworm egg, courtecy Dr. J. Michael Miller, CDC

Pinworms are about the length of a staple and live in the ‘ .
colon of humans. \Vhile an infected person sleeps, female
) pinworms Leave the II’IJEI€SJEII’1€IS thrath Jthe Ianus and Adult pinworm, c;Jurtegg Dr. J. Canl Fi)x, College of
deposit eggs on the surrounding skin and then disintegrate. Veferinary Medicine, Oklahoma Cate Univercity

Pinworm egge are infective within a few houte affer being depocited on the gkin. They can gutvive up
to two weeke on clothing, bedding, or objecte. Imagine the cage when a percon ceratches the rear end iteh and
then forgete to wach hie or her hande. Thig ie known age the ITCH-SCRATCH-LICK cycle. Once the egge are
ingescted, Iarvae hatch in the emall intestine, and the worme grow until the female worm comes out to lay her
egge. The cycle repeate itgelf.

Fortunately, once pinworms are discovered, they can be treated with
prescription or over-the-counter drugs.
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DISEASE
DETECTIVES

ASTUTE FPROBLEM SOLVER
Lovig Fastevr 1822-1895

Born in a small town in France, Louis Pasteur grew
up to become one of the great heroes in the history of
science, but it didn't start out that way. As a child,
Pasteur did poorly in school and preferred to draw and
fish rather than study. However, as Pasteur grew, so
did his interest in science and chemistry. He went on
to study at a prestigious university in Paris. By the
age of 31, Pasteur had become a chemistry professor
and Dean of Sciences in Lille, France.

The Mystery of the Sour Wine Louie Pastour

Courtecy National Library of Congrece

We take for granted the idea that liquids like milk and wine are easy to store
for later drinking. Yet, before Louis Pasteur delved into the problem of “sour wine,” this
was not so easy. In 1857, French winemakers brought their problem to Pasteur. Exam-
ining wine samples with his microscope, Pasteur noted that many different microbes
were living in the wine. He reasoned that some of these microbes caused the wine to
turn sour and ruin. Similarly in milk, Pasteur also observed that bacteria were able to
turn sugar into acid, thus making the milk sour.

To solve this problem, Pasteur created a way to heat the wine to a temperature
that killed the bacteria without ruining the wine. Now the process of using heat to kill
germs in foods and liquids is called pasteurization. Milk, wines, and fruit juices are
heated for about 30 minutes at 68°C (154.4°F) whereby living bacteria are de-
stroyed, but the flavor is preserved. Next time you pour milk over your cereal, check
out the label. Somewhere it will say that the milk is “pasteurized.” This prevents infec-
tions, like streptococcus, Q fever, tuberculosis, and brucellosis from being transmitted
in milk. REMEMBER — Louis Pasteur put the “pasteur” in pasteurization!

Killer Microbes

Pasteur’s sour wine case also led to the development of the Germ Theory which
opened the door for improving public health. Basically, Pasteur argued that if germs
could invade wine and cause problems, these pathogens also could cause disease in
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humans and animals. In the mid-1800s, a hospital stay often resulted in death.
Simple things like washing hands and sterilizing equipment were not yet practiced.
Pasteur explained that “ the open wound is exposed to millions of germs—in
the air, on the hands of the surgeon who
performs the operation, in the sponges that
bathe the wound, in the instruments that
pry into it, and on the bandages that cover
it.” Once doctors began to use sterile
techniques to eliminate germs, fewer pa-
-~ ’ tients died as a result of hospitalization.

Used with permisgion. ~ Olnetitut Pasteur

Anthrax and the Sheep Experiment

Although in the mid-1800s other
scientists believed that germs could cause
disease, not everyone supported Pasteur’s
ideas. A famous veterinarian, Monsieur
Rossignol, not only rejected the Germ
Theory, he was horrified by Pasteur’s an- Couttecy Poter Drew & Niek Sellore
nouncement that vaccinating animals with anthrax (injecting them with a strain of
the microorganism), would protect them from the disease. Rossignol challenged
Pasteur to prove the effects of vaccines, believing that in the end Pasteur would be
wrong. Pasteur, who never shied away from a challenge, took the bet. Rossignol gave
Pasteur 50 sheep from his farm, 25 of which received Pasteur’s anthrax vaccine
and 25 which were left alone. All 50 sheep were then injected with anthrax. Pasteur
was proven right when only the vaccinated sheep lived. Pasteur’s work with the
anthrax vaccine led to the creation of vaccines for chicken cholera and rabies.

Pasteur’'s Passion

Pasteur is important in history for many of his individual discoveries, but he is
particularly admired for the wide variety of scientific problems which he solved.
During his lifetime, he had to endure much criticism for his “new” way of thinking.
Yet, through it all, he spoke only of passion for his work in science, “ | love science so
deeply that it stirs my heart.” Since its founding in Paris in 1888, the Pasteur
Institute continues a tradition of research and solving medical mysteries.
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THE BODY FIGHTS BACK

The human body hag a remarkable capacity to

Tonsils and
adenoids

protect iteelf againet diceace-caucing agente. Thece de- Lymph
foncee are referred to ac your IMMUNE SYSTEM. The Hoees
immune gystem can be thought of ag an army of organg, Thyinos
celle, and chemicale that work to profect the body from e
diceage. When it ic working correctly, the immune eyctem
doec marveloue and ingenioug thinge to protect you from Spleen
bacteria and viruges. Without a good defence eyctem, your .
body ic not able to combat invading pathogene. Diceacee like St
AIDS impair your immune cyctem. Appendix

The ckin and the mucoue membranee are the firet  Bone o8 @3 < 3og
linee of defence againet infectione. They act ac a bartier to ﬂ s

all the pathogens that are waiting to enter your body.
Degpite the protection by the ckin and mucoue membraneg,
thoucande of microbec are able to enter the body through other waye cuch ac a cut in the ckin, a
tear in the mucous membraneg, the noge, and the mouth. When a pathogen entere the body, it ig
initially met by a group of white blood cells from the immune cystem, called neutrophile, whose job
ic to ceek out foreign invadets, surround them, and gobble them up.

Different parie of the immune cyctem have cpacialized tolec in profecting ue from patho-
gene. Specific defecte in the immune eyetem make people cusceptible to epecific typee of infactione.

White Blood Cells Attack

The major coldiere in the immune eyetem’e army are the white blood celle. Your bone
martow produces white blood celle to battle infectione. From the bone martow bage camp, the white
blood celle are cent to the outpocte of your immune eystem, guch ac the eplean, and lymph nodes
to battle harmful bacteria and viruges.

Without healthy white blood celle the body cannot fight infectione. Cancer patiente who
receive come typee of treatmente often have many of their white blood celle
destroyed, particulatly the kind that initially attack the microbee that
breach the mucoue membranee. Thece people often have fever and cerious
infectiong, even from “normal” bacteria in the body. AIDS patiente, who have
3 covere decreace in one part of their immune eyetem (the T cellg), eacily
develop many infectione that T celle are recpongible for keeping in check. In
other wordg, when your white blood celle are not on duty, it becomes eacy for

The Immune Syctem of the Human Body

White Blood Cell, Courtesy
National Cancer Ingtitute pafhogeng to invade your bodg.

Spaoial Cell of Combat

Lymphocytee (LIM-fo-cites) are one type of white blood cell. Many of the bacterial and viral
infectione we get ara controlled by the lymphocytec. In the immune eyetem’e army, there are B
lymphocytes (B cellg) whose job ic to produce antibodies. Antibodies are pecialized proteing that
circulate the body and attach to foreign invadere (antigene) and mark them for dectruction.

There are aleo T lymphoeytee (T colle) which act more like generale in the army. The T
celle regulate and coordinate the overall immune regponge. Some are involved in gending the B cells
into action, while othere actively attack and dectroy the antigenc.
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lmmuni’h,: How do we 59‘!‘ it¢

The immune eyctem hae B calle whoge job it ic to create antibodies epacially decigned to
recoghize an invading infectiouc agent. Once antibodiec recognize the invader, other cpecial celle
(phagocutec) are able to attack and dectroy the invader. When the attack ie over, come of thece
antibodieg and antibody-producing celle go into 3 kind of “hibernation.” If the body encountete the
invader again, the immune eyctem cpringe info action. In a gence, the immune eyetem “remem-
bere” ite enemiee. That ic why many diceacee produce complete immunity. For come diceacee, like
chickenpox and yellow fever, if you have them once you can’t get them again.

In 1796, Edward Jenner digcovered that he could make people
immune to 3 diceace that they never had with a vaceine. Dr. Jenner
developed a vaceine to prevent emallpox that was made from the fluid of
a cowpox bligter. The body responded to the infectioug agent in the fluid
ae if it were under attack by emallpox.

Thanke to Jennetr'e early diccoveriee, vaceinee are now available
for 9 wide variety of infectious diceasec cuch ac meacleg, polio, and
chickenpox. Scienticte are working to develop new types of vaccinee that
would provide immunity for many other diceacec.

Courteey Canadian Immunization
Awareness Program

What if Yov Do Glet Sick?

ac=mwess When vaccines and other methode can’t prevent an infectious diceace, what can
8 B00M be done to treat them@ For many infectioue diceaces (particularly those caused by
bacteria) doctore can proceribe antibiotice. Antibiotice treat infectioue diceace by
interfering with the way an infectioug agent lives or worke. For ingtance, come
antibiotice can damage the cell walle of bacteria, co that the bacteria will die.
Unfortunately, antibiotice don’t work on all types of pathogens. They
% are ucually bect at fighting infectious diceases caused by bacteria,
9 fungi, and protozoa, but they are not effective in treating diceaces
cauced by viruces, priong, and helminthe.

chould be used with caution. Microorganieme can become regictant to thege
druge. For example, Penicillin wae one of the firet antibiotice diccovered. Initially, it could eacily
kill one of the bacteria that cauges pneumonia (Straptococcus pneumoniae), and wage pregeribed
often. Over time many of the bacteria that were cucceptible to penicillin were killed off, leaving
behind only recictant bacteria. Becauce bacteria are clever at devicing waye to become recictant,
doctore muct ba very celective ag to when to uge antibiotic approaches. In addition, new antibiotice
for infectious diceaces must be continually developed.
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Infectious Diseases

Pa‘l’h05pn€ Don’t Need Pa)§€POV+§

Infectioue agente do not recognize international bordere. The modern world ic a very
emall place where any city in the world ic only a plane ride away from any other. Pathogene
can eagily travel acrose bordere within their human or animal hosts, ot in the food and producte
we trade. No nation ic free from thece health threate.

Growing global population, changes in climate, maggive chifte in population due to war
or dicacter are 3 few of the wayge infectioug diceacec can become more widespread. Poverty,
deforestation, pollution, and other imbalances between people and nature alco contribute to
increagec of infectious diceases. Industrialization and even health technologies such ag the
production of antibiotice have had unintended concequenceg, including the prevalence of
antibiotic recictance. The battle againgt infectious diceaces ic one that every nation in the
world must take part in, especially now that bioterroricm pregents an unfortunate way for
humane to inflict diceacec on one another intentionally.

Infectiovs Diseaces Jumble

Unscramble the “jumbled” words to spell words found in this issue of MedMyst
Magazine. Then arrange the circled Letters to get the answer to Beta's question.

*Turn the page upside down
if you need a hint.
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"What are these critters

O in my coffee?”
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