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The Herpes simplex virus first enters the lytic cycle after infecting a 
human, then the lysogenic cycle before travelling to the nervous system 
where it resides in the nerve fibers as an episomal element. After a long 
period of time (months to years) in a latent stage, the herpes virus is 
often reactivated to the lytic stage, during which it may cause disease 
symptoms similar to those experienced during the initial infection.

EBV infects B cells of the immune system and epithelial cells. Once the 
virus's initial lytic infection is brought under control, EBV latently persists 
in the individual's B cells for the rest of the individual's life.[7]
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The viral envelope

HIV is spherical in shape and has a diameter of 1/10,000 of a millimeter. 
The outer coat of the virus, known as the viral envelope, is composed of 
two layers of fatty molecules called lipids, taken from the membrane of 
a human cell when a newly formed virus particle buds from the cell. 
Embedded throughout the viral envelope are proteins from the host cell, 
as well as 72 copies (on average) of a complex HIV protein known as 
Env. These Env copies protrude or spike through the surface of the 
virus particle (called a “virion”). Env consists of a cap made of three 
molecules called glycoprotein 120 (gp120), and a stem consisting of 
three molecules called gyclycoprotein 41 (gp41) that anchor the 
structure in the viral envelope. Much of the research to develop a 
vaccine to prevent HIV infection has focused on these envelope 
proteins.

Underneath the envelope is a protein matrix composed of p17 (def).

The viral core

Within the viral envelope is a bullet-shaped core or capsid, made up of 
2,000 copies of the viral protein, p24. The capsid surrounds two single 



strands of HIV RNA, each of which has a complete copy of the virus's genes. 
HIV has three structural genes (gag, pol, and env) that contain information 
needed to make structural proteins for new virus particles. The env gene, for 
example, codes for a protein called gp160 that is broken down by a viral 
enzyme to form gp120 and gp41, the components of the env protein.

HIV has six regulatory genes (tat, rev, nef, vif, vpr, and vpu) that contain 
information needed to produce proteins that control the ability of HIV to infect a 
cell, produce new copies of virus, or cause disease. The protein encoded by 
nef, for instance, apparently is necessary for the virus to replicate efficiently, 
and the vpu-encoded protein influences the release of new virus particles from 
infected cells. Recently, researchers discovered that vif (the protein encoded 
by the vif gene) interacts with an antiviral defense protein in host cells 
(APOBEC3G), causing inactivation of the antiviral effect and enhancing HIV 
replication. This interaction may serve as a new target for antiviral drugs.

The ends of each strand of HIV RNA contain an RNA sequence called the long 
terminal repeat (LTR). Regions in the LTR act as switches to control production 
of new viruses and can be triggered by proteins from either HIV or the host 
cell.

HIV’s core also includes a protein called p7, the HIV nucleocapsid protein. 
Three enzymes carry out later steps in the virus's life cycle: reverse 
transcriptase, integrase, and protease. Another HIV protein called p17, or the 
HIV matrix protein, lies between the viral core and the viral envelope.
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Vaccine research targets these proteins
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Protease cleaves one protein (GP161) into GP120 and GP41
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Use as a review for the second day if needed
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http://journal.frontiersin.org/article/10.3389/fmicb.2012.00034/full

First outbreak: 1967 
(Marburg, Germany; 
Yugoslavia)

Vaccine company 
was processing 
primary kidney cells
from African green 
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monkeys (Cercopithecus
aethiops)

Several workers 
developed a 
hemorrhagic fever

Several dozen infected 
by person-to-person 
transmission 

Fewer than half died
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Long capsule surrounds the small strand of RNA

Appears like a crooked, branches filament (Crookedness may help it 
evade antibodies and detection).

The polymerase protein is needed to make the sense-mRNA from the 
antisense RNA that is in the virus
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Composed of 3 layers:

nucleocapsid – Viral proteins attached to the RNA; helical 
shape (protiens are NP, VP 35 and L)

matrix space – made out of VP 40 & VP 24 – Once 
membrane is removed, they help virus enter cell by being attractive to 
cell membranes; also help with reassembly before leaving host cell

envelope – membrane from the cell, with regularly spaced 
GP spikes

Highly variable shape, long tubes with many turns and branches

RNA is only 1% of the mass

http://jonlieffmd.com/blog/the-very-intelligent-ebola-virus-takes-front-
and-center
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The Ebola envelope has glycoproteins (GP) sticking through, which are 
the only target of antibodies –

The GP interacts with multiple factors on the surface of human cells. 
The special glycoprotein has many attached sugars and acetyl groups 
in the tail. 
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The form of the single strand of RNA is called antisense, which means 
that it is not the type of RNA that can directly make a protein, but rather 
the complementary type that needs to first be copied in the cell to 
produce a messenger RNA. The messenger RNA manufactures new 
virus proteins. The polymerase protein needed for these copies is 
carried along with the RNA in the capsule
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Unlike other viruses that rapidly mutate, such as HIV, the genetic 
material from each of Ebola’s five subtypes has been extremely stable 
over 40 years.

The 7 genes:

NP – Nucleoptrotein

GP/sGP – makes the glycoprotein for the envelope

L – makes the RNA polymerase

VP = Viral Protein

VP 24 & VP40 - Viral protein for the matrix

VP 30 & VP35 - Work with the RNA polymerase to make more RNA
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Major targets are connective tissues and cells lining liver, kidney, lungs 
and other organs. Later it attacks the blood vessel cells. The only cells 
not available to Ebola are the lymphocytes, but it does decrease 
lymphocyte effectiveness. 
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Ebola first attaches with its glycoprotein protrusions to many different 
molecules on the cell’s membrane surface—lectins, integrins, 
cathepsins and others. There are, also, a large number of co factors 
that help Ebola to enter different types of human cells.

Among the molecules that attach to Ebola, lectins focus the attachment. 
Cathepsins alter the virus glycans by removing the cap on the 
protrusion to help attachment. TAM enzymes (a family of receptor 
tyrosine kinases) allow entry into some cells. The protein NPC1
(Niemann-Pick C1 protein) works with the lysosome proteins and aids 
entry into all human cells. Fusion is stimulated by pH changes in special 
compartments.

The surface GP, sticking out perpendicular to the surface of the virus 
membrane, is what creates the fusion with the cell membrane for entry. 
The host cell alters the virus GP, allowing it to attach. Part of this 
alteration is removing a cap on the perpendicular GP. The GP’s shape 
is dramatically altered in this process exposing a loop, which makes 
hairpin turns. The loop inserts into the cell membrane for a very strong 
attachment. Other folds occur and the two membranes come very close 
together and fuse. 
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These special unusual large sacs are, then, taken to a unique 
lysosomal compartment of the cell that has low pH. The low pH is 
necessary to remove Ebola’s coat without hurting the rest of the virus. 
Lysosomes are large vesicle factories that have powerful enzymes to 
destroy debris and dangerous microbes. 
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Once the vesicle combine with lysosome, the low pH releases the 
nucleoproteins and frees the negative RNA and RNA polymerase.

In the cytoplasm the RNA polymerase uses the –RNA to make + 
mRNA. 

Now the +mRNA can be used to  make viral proteins with the host cells 
ribosomes etc.

Once pieces made, then 

polymerawe protein connect ot the Rbionucleoporitein

the proteins attached to the RNA connec to the matric 
proteins

the entire sturcture
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HIV infection requires two interactions with proteins on the 
host cell surface. First, the viral protein gp120 undergoes a 
high-affinity interaction with CD4. This induces a 
conformational change that allows interaction with a 
chemokine receptor; this receptor is CCR5 during 
transmission, but CXCR4-using strains emerge as disease 
progresses to AIDS. The interaction with the chemokine
receptor induces a second conformational change in the gp120 
protein, exposing the fusion peptide gp41, which fuses with 
the host cell membrane. The absence of CCR5 in individuals 
homozygous for the 32-CCR5 allele therefore prevents the 
transmission of HIV.



CD4 is a co-receptor that assists the T cell receptor (TCR) with an 
antigen-presenting cell. Using its portion that resides inside the T cell, 
CD4 amplifies the signal generated by the TCR by recruiting an 
enzyme, known as the tyrosine kinase lck, which is essential for 
activating many molecules involved in the signaling cascade of an 
activated T cell. CD4 also interacts directly with MHC class II molecules 
on the surface of the antigen-presenting cell using its extracellular 
domain.
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This video uses lots of complicated names of proteins.  The visuals are 
fine.
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During the past 7 years, it has become apparent that 1% of the 
Caucasian human population carry a 32-bp deletion in the gene 
coding for CCR5, resulting in a truncated gene that produces no 
functional receptor at the cell surface. Individuals homozygous for 
this 32-CCR5 allele are surprisingly resistant to HIV infection, and 
this mutation was actually discovered in a group of individuals 
known as the 'exposed uninfected'88. Heterozygous individuals fell 
into another clinical category, the 'long term nonprogressors'.

People with two copies of the CCR5 delta32 gene (inherited from both 
parents) are virtually immune to HIV infection. This occurs in about 1% of 
Caucasian people. One copy of CCR5-delta32 seems to give some protection 
against infection, and makes the disease less severe if infection occurs. This 
is more common, it is found in up to 20% of Caucasians. 

Two different deadly diseases were widespread in Europe when this mutation 
is believed to have arisen. Resistance to bubonic plague (also called the Black 
Death) might have influenced CCR5-delta32 distribution. Recent findings 
name smallpox immunity as another strong possibility. Smallpox affects 
younger people than bubonic plague, which has a more potent effect on which 
genes get passed down to offspring. Also, the type of virus that causes 
smallpox uses receptors such as CCR5 and CXCR4 to enter cells.
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HIV is by no means the first plague that human populations 
have weathered. Many pathogens have deeply affected our 
evolutionary history. In fact, the human genome is littered 
with the remnants of our past battles with pathogens � and 
one of these remnants, a mutation to a gene called CCR5, 
may lead researchers to a new treatment for HIV.

The mutant CCR5 allele probably began to spread in northern 
Europe during the past 700 years when the population was 
ravaged by a plague. (It may have been bubonic plague or 
some other pathogen; research on this topic continues.)

The mutant CCR5 probably made its bearers resistant to the 
disease, and so its frequency increased.  In some parts of 
Europe today, up to 20% of the population carry at least one 
copy of the protective allele. However, the populations of Asia 
and Africa were not exposed to the same epidemics; very few 
Asians and Africans now carry the allele (see map above). 
Thus, CCR5 is fairly common in northern Europe but its 
frequency diminishes as one moves south, and the mutation is 



rare in the rest of the world.  We now know that the mutant CCR5 
allele has an unexpected side effect: it confers resistance to HIV. 
Scientists hope that studying this by-product of past selection will 
help them develop new treatments for the HIV epidemic ravaging 
human populations today.
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Category A Primary Infection
rapid viral replication, follows exposure to 

HIV
most develop acute syndrome like flu (fever 

tiredness, swollen glands, sore throat, headache, rash
easy to see that it could not be recognized 

as an HIV infection; often misdiagnosed -- and now they are very 
infectious

need a blood test to determine for sure
most symptoms subside, but swollen gland 

and tiredness may last years
half people may be asymptomatic

DO GRAPH:  
Category B Clinical Latency

Immune system failure begins
persistant infections:  yeast, shingles, 

diarrhea, and some cancers (cervix)



HIV is active in the lymphoid organs & 
macrophages

Patients are still  infectious

Category C AIDS
When the T-helper cell count drops < 200 cells per 

mL, have AIDS
Opportunistic diseases of AIDS appear (see below)
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Kaposi's sarcoma is a cancerous tumor of the connective tissue, and is 
often associated with AIDS.

Causes, incidence, and risk factors

Before the AIDS epidemic, Kaposi's sarcoma was seen mainly in elderly 
Italian and Jewish men, and rarely, in elderly women. Among this group, 
the tumors developed slowly. In AIDS patients, the cancer can develop 
quickly. The cancer may also involve the skin, lungs, gastrointestinal 
tract, and other organs.

In people with AIDS, Kaposi's sarcoma is caused by an interaction 
between HIV, a weakened immune system, and the human herpesvirus-
8 (HHV-8). Kaposi's sarcoma has been linked to the spread of HIV and 
HHV-8 through sexual activity.

People who have kidney or other organ transplants are also at risk for 
Kaposi's sarcoma.
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Cytomegalovirus is a large herpes-type virus commonly found in 
humans that can cause serious infections in people with impaired 
immunity. The infection may result in pneumonia, gastroenteritis, 
retinitis or encephalitis. Antiviral medications may stop the replication of 
the virus but will not destroy it.

Little problem for normal people
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respiratory infection
spread by inhalation
survives in the environment
reproduces in macrophages in 

lung -- forms masses of cells called tubercles or granuloma
can be walled off for years and 

reactivated when immune system compromised;  most in AIDs 
results from reactivated 

infections
tuberculosis is also becoming 

resistant to drugs
Most deaths in Africa in AIDS 

patients
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Not airborne, fecal-oral, insects, casual contact, sweat, toilet seats, 
swimming, eating in restaurant, sitting next  someone, kissing

A person can carry and transmit HIV for years before any symptoms 
show themselves
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4 min

47



What is known about Ebola is still early in not well established.  I have 
no direct experience with Ebola, but I am am immunologist and do 
understand how people and why they are dying.  The Ebola virus is able 
to evade the immune system long enough such that it is able to infect a 
large number of different types of tissue.  When the virus infects a 
particular cell, the end stage process is that the cell ruptures and spews 
it's cytoplasmic material all over.   This is a very bad way for a cell to 
die.  It's similar to necrotic death or disruption.  It's is very untidy and the 
cause of a very strong immune response.   Because the infection has 
evaded the immune system long enough to infect a large number of 
cells, the first time the immune sees the infection and able to react is 
when a bunch of cells are rupturing.  The result is a cytokine storm.  A 
Cytokine storm will cause your blood vessels to expand and become 
leaky.  Usually this is helpful to allow immune cells to get to the 
infection.  Unfortunately Ebola is causing this to happen every place at 
once.  Your blood pressure drops.  Your own immune response kills 
you.

That is the current understanding of how it works right now.  More 
details will come out as we learn more.
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http://www.quora.com/How-does-a-person-die-due-to-Ebola

The researchers developed a detailed map of how an Ebola protein, VP24, 
binds to a host protein that takes signaling molecules in and out of the cell 
nucleus. Their map revealed that the viral protein takes away the host protein’s 
ability to carry an important immune signal into the nucleus.This signal helps 
activate the immune system’s antiviral defenses, and blocking it is believed to 
contribute significantly to the virus’s deadliness.“We’ve known for a long time 
that infection with Ebola obstructs an important arm in our immune system that 
is activated by molecules called interferons,” said senior author Gaya 
Amarasinghe, PhD, assistant professor of pathology and immunology at the 
School of Medicine. “Now that our map of the combined structure of these two 
proteins has revealed one critical way Ebola does this, the information it 
provides will guide the development of new treatments.”

https://source.wustl.edu/2014/08/study-reveals-how-ebola-blocks-immune-
system/
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The newly published study Wash U) explains for the first time how the 
production by the virus of a protein called Ebola Viral Protein 24 
(eVP24) stops the interferon-based signals from ramping up immune 
defenses. With the body’s first response disabled, the virus is free to 
mass produce itself and trigger the too-large immune response that 
damages organs and often becomes deadly as part of Ebola virus 
disease (EVD).

The current study determined the structure of eVP24 when bound to its 
cellular targets, transport proteins called karyopherins. The study used 
these structures to show how, in place of interferon’s natural 
downstream signal carrier phosphorylated STAT1, eVP24 docks into the 
karyopherins meant to escort STAT1 into cell nuclei where it turns on 
interferon-targeted genes. By elegantly interfering at this stage, eVP24 
cripples innate immunity to cause EVD.
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What is known about Ebola is still early in not well established.  I have 
no direct experience with Ebola, but I am am immunologist and do 
understand how people and why they are dying.  The Ebola virus is able 
to evade the immune system long enough such that it is able to infect a 
large number of different types of tissue.  When the virus infects a 
particular cell, the end stage process is that the cell ruptures and spews 
it's cytoplasmic material all over.   This is a very bad way for a cell to 
die.  It's similar to necrotic death or disruption.  It's is very untidy and the 
cause of a very strong immune response.   Because the infection has 
evaded the immune system long enough to infect a large number of 
cells, the first time the immune sees the infection and able to react is 
when a bunch of cells are rupturing.  The result is a cytokine storm.  A 
Cytokine storm will cause your blood vessels to expand and become 
leaky.  Usually this is helpful to allow immune cells to get to the 
infection.  Unfortunately Ebola is causing this to happen every place at 
once.  Your blood pressure drops.  Your own immune response kills 
you.

That is the current understanding of how it works right now.  More 
details will come out as we learn more.
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http://www.quora.com/How-does-a-person-die-due-to-Ebola
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Block viral reproduction
Act when first infected
Example:  AZT (An NRTI)
Figure 2. AZT is an analog of thymidine. The N3 group does not allow 
the continuation of DNA synthesis, effectively preventing viral replication

AZT is a nucleoside analog, which means it resembles one of the 
nucleosides normally found in DNA. The difference between thymidine 
and AZT is a single substitution of an OH group with a N3. This 
substitution happens to be at the 3′ end of the molecule, which is critical 
for adding more bases to the DNA chain. Without the OH group, the 
next base has nothing to attach to, resulting in many small bits of DNA 
rather than a single continuous molecule. While AZT does not directly 
kill infected cells, it prevents viral replication thereby decreasing the 
viral load. Like most drugs, AZT is not perfect. HIV mutates fairly 
rapidly, which is a nightmare for pharmaceutical companies. Drug-
resistant strains appear almost as soon as new drugs are introduced.



57



58

Approved agents

Maraviroc (Celsentri) binds to CCR5, preventing an interaction with 
gp120. It is also referred to as a "chemokine receptor antagonist" or a 
"CCR5 inhibitor."[2]

Enfuvirtide (Fuzeon) binds to gp41 and interferes with its ability to 
approximate the two membranes. It is also referred to as a "fusion 
inhibitor.”

11 more in development

2016:  After HIV’s gp120 envelope glycoprotein attaches to a CD4 
receptor and a co-receptor on the cell, a different glycoprotein, called 
gp41 , is exposed. The glycoproteins then undergo shape changes that 
bring the virus and the cell closer together, allowing them to fuse.

There is a single licensed fusion inhibitor:

T-20 (enfuvirtide, Fuzeon).

T-20, developed by Roche and Trimeris, binds to the gp41 glycoprotein 
and prevents the shape changes that enable virus-cell fusion. Since T-



20 is a protein that would be destroyed by acids in the stomach, it must be 
administered by injection.

The TORO 1 and TORO 2 studies showed that adding T-20 to an existing 
antiretroviral regimen can improve response in treatment-experienced patients 
with drug-resistant HIV.1 2 Thus, it is often used as a component of ‘salvage 
therapy’.

Read about salvage therapy here:  
http://www.aidsinfonet.org/fact_sheets/view/408
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Block viral reproduction
Act when first infected
Example:  AZT (An NRTI)
Figure 2. AZT is an analog of thymidine. The N3 group does not allow 
the continuation of DNA synthesis, effectively preventing viral replication

AZT is a nucleoside analog, which means it resembles one of the 
nucleosides normally found in DNA. The difference between thymidine
and AZT is a single substitution of an OH group with a N3. This 
substitution happens to be at the 3′ end of the molecule, which is critical 
for adding more bases to the DNA chain. Without the OH group, the 
next base has nothing to attach to, resulting in many small bits of DNA 
rather than a single continuous molecule. While AZT does not directly 
kill infected cells, it prevents viral replication thereby decreasing the 
viral load. Like most drugs, AZT is not perfect. HIV mutates fairly 
rapidly, which is a nightmare for pharmaceutical companies. Drug-
resistant strains appear almost as soon as new drugs are introduced.
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The next class of drugs available was the nonnucleoside
reverse transcriptase inhibitors (NNRTIs), (Like an allosteric  
enzyme inhibitor)

NNRTI bind directly to reverse transcriptase at a spot different 
from its active site and alters its shape so it cannot function.
These drugs were even easier for the virus to mutate around 
to cause drug resistance, and this happened within weeks 
when one of these drugs was given alone, as "mono-therapy." 
However, when given with two or more other drugs, they 
could often be given for long periods of time.

These are allosteric inhibitors -- bind to an allosteric site on 
reverse transcriptase

There are at least 5 different drugs in this category; some 
have generic varieties 
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The third class of drugs:  integrase inhibitors

All are still patent protected

One has been approved; several are in the works
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The fourth major class of drugs, the protease inhibitors, work 
on an entirely different gene of HIV, so they provided an 
additional, separate mechanism to keep down virus 
replication. However, unlike the NRTIs and the NNRTIs, which 
could often be made "off patent" or as "generics," the 
protease inhibitors are still expensive and generally not 
available in developing countries

Resistance:  30% of HIV patients harbor resistant viruses
Patient adherence to drugs is CRITICAL but difficult; 

side effects nausea, diarrhea, drops in RBCs 
and WBCs, painful nerve damage and inflammation of pancreas
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When several such drugs, typically three or four, are taken in 
combination

1. CCR5 blockers
2. ART inhibitors
3. Integrase Inhibitors
4. Protease Inhibitors
5. Maturation Inhibitors

6. Photo:  Dr. Mahlon Johnson taking his daily drug cocktail of protease 
inhibitors, AZT, and lamivudine. Johnson accidentally infected 
himself w. HIV while performing an autopsy on someone who had 
died of an AIDS-related illness.

contains several antiviral agents
death due to HIV began to decline in U.S. in 1997
side effects - kidney. liver and pancreas problems, 

changes in fat metabolism, elevated cholesterol, risk of stroke and 
heart attack



These drugs work ONLY against FREE Virus (released virus) not against 
latent, provirus inside the cells
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Nigeria and South Africa currently have the highest numbers of AIDS 
patients per capita. These graphs estimate what could happen if 
HAART was made available to 90% these pateints by 2020.

Projected deaths averted by ART expansion scenarios for South Africa 
and Nigeria. Reference baseline is projected deaths in the absence of 
ART (No ART scenario) which is compared to 1) maintenance of current 
ART coverage levels till 2020 (Current ART Coverage scenario); 2) 
expansion of access to 90% ART coverage rates of people eligible 
under WHO 2013 guidelines by 2020 (2013 WHO Guidelines scenario) 
and 3) UNAIDS “90-90-90” target or 81% of people living with HIV on 
ART by 2020 (90-90-90 Scenario). The estimated deaths averted 
represent the total difference from the No ART scenario.

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.013135
3#pone-0131353-g005
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ZMapp is an experimental biopharmaceutical drug comprising three 
chimeric monoclonal antibodies under development by Mapp
Biopharmaceutical as a treatment for Ebola virus disease. The drug 
was first tested in humans during the 2014 West Africa Ebola virus 
outbreak, but has not been subjected to a randomized controlled trial to 
determine whether it works, and whether it is safe enough to allow on 
the market.

ZMapp is a monoclonal antibody produced in plants, and then 
humanized.  Antibodies are large Y-shapped proteins that the human 
body uses to tag "antigens" surface chemicals on hostile invaders such 
as viruses and bacteria. 

At first it perhaps appeared to the overly hopeful observer that ZMapp
might be a magic bullet for the EBOV.  After Mapp and Defyrus received 
a rare exemption from the U.S. Food and Drug Administration (FDA) 
allowing experimental treatment of patients with a drug that has yet to 
undergo clinical trials, the ZMapp formula was used to treat two 
Americans.  

The lucky potentially lucky recipients of the expensive experimental 
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cocktail were Kent Brantly, a 33-year-old doctor, and Nancy Writebol, a 59-
year-old aid worker.  Both the patients became infected while trying to assist in 
combating the current EBOV outbreak in Central Africa

3 more patients treated – 3 doctors 2 in Africa one in Spain; 2 died, one 
survived.  No more Zmapp is available.

http://www.dailytech.com/Second+ZMappTreated+Patient+Dies+of+Ebola+Su
pplies+Run+Out/article36429.htm

http://www.livescience.com/56468-ebola-drug-zmapp-study-inconclusive.html
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http://time.com/3393362/first-volunteer-receives-ebola-vaccine-in-u-k-
trial/
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http://www.who.int/medicines/emp_ebola_q_as/en/
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http://www.who.int/medicines/emp_ebola_q_as/en/
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http://www.theeastafrican.co.ke/image/view/-
/2690332/medRes/995093/-/maxw/600/-/rggtpkz/-/ebola.jpg
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http://www.hivinfosource.org/hivis/hivbasics/demographics/ (NYU)

1918 Flu epidemic killed 20 million people; WWII killed about 40 milion
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http://citizen.co.za/afp_feed_article/who-warning-as-china-says-nearly-
500000-living-with-hiv/
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All now ebola free as of December 2015
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Lives in caves and thick tropical forests
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http://www.cnn.com/2015/05/08/health/ebola-eye-american-doctor/

From the CDC: It is not known how long the virus might be found in 
these fluids, but CDC and partners are working together to study how 
long the virus persists in various body fluids among Ebola survivors. 
They are also conducting viability testing to determine if the disease can 
be transmitted through these fluids.

http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=21326
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Nurse Kaci Hickox who did not obey the order to be quarantined for 21 
days.

http://www.nbcnews.com/storyline/ebola-virus-outbreak/kaci-hickox-
maine-nurse-quarantined-ebola-scare-sues-new-jersey-n449491
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http://www.nature.com/nrd/journal/v2/n7/fig_tab/nrd1134_F3.html
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First Ebola outbreak: 
1976 (Zaire, Sudan)

Hundreds infected

70%-90% fatal

Sporadic outbreaks still 
occur in Africa

Three viruses

Ebola Zaire
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Ebola Sudan

Ebola Reston (Virginia)

Reston, Virginia 
outbreak

Occurred in a monkey 
quarantine facility (JRH 
Biosciences)

Monkeys imported from 
Philippines began dying 
from HF

Samples sent to nearby 
military lab for ID

United States Army 
Medical Research 
Institute for infectious 
Diseases (USAMRIID)

EM showed shepherd�s 
crook particles

Facility was secured by 
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Army

Nonpathogenic in humans
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https://drjohnmarksays.files.wordpress.com/2014/10/guinea-2.jpg
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After an incubation period of �7–10 days (range, 3–16 days), the patient 
abruptly develops fever, severe headache, malaise, muscle pain, 
nausea, and vomiting. Continued fever is joined by diarrhea (often 
severe), chest pain (accompanied by cough), weakness, and depressed 
mental abilities. Millions of virus particles shed in the sweat, vomit, 
diarrhea, and any other excretions that the sick person is letting out.
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Ebola has been found in bats, pigs and monkeys.

Route from Animals to humans I uncertain

103



104



105



106

When we talk about HIV, we really mean HIV-1

There are two types of HIV: HIV-1 and HIV-2. Both types are 
transmitted by sexual contact, through blood, and from mother to 
child, and they appear to cause clinically indistinguishable AIDS. 
However, it seems that HIV-2 is less easily transmitted, and the 
period between initial infection and illness is longer in the case of 
HIV-2
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http://www.avert.org/hiv-types.htm

The phylogeny of the HIV-1 subtypes based on the env gene, 
which includes the coding for the gp120 protein. The letters 
name the different subtypes. The bar shows the length along 
branches corresponding to 10% divergence in sequence. From 
McCutchan (1999), with permission from Johns Hopkins 
University Press.

The most common subtype in North America is B; in Sub-
Saharan Africa it’s C

Much variation within subtypes
One individual harbors multiple variants of HIV
http://www.avert.org/hiv-types.htm
WHY?  Reverse Transcriptase



http://www.pbs.org/wgbh/pages/frontline/aids/atlas/clade.html
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High HIV reproduction rate -->  Billions times per day

High Mutation Rate

Hinders Vaccine Development

HIV Quickly becomes drug resistant



http://www.cbc.ca/news/health/story/2011/12/20/hiv-vaccine-western.html

http://www.vaccineethics.org/issue_briefs/HIV_overview.php – VERY GOOD
It may seem difficult to understand why, in an age of synthetic biology and 'miracle' drugs, developing an HIV vaccine continues to be so 
difficult. This attitude may reflect changes in the character of biomedical research. As journalist Michael Specter notes, biology is now driven by 
genomics instead of trial and error.17 Earlier in the HIV/AIDS pandemic, the task of developing a vaccine fell primarily to molecular biologists 
who attempted to reduce the virus to its smallest components. IAVI's Seth Berkley has critiqued this approach, lamenting that "it cost us at least 
a decade."18

Vaccine development has always been extremely challenging.19 Vaccines rely on the ability of the immune system to identify certain particles, 
such as the entire virus (usually attenuated, inactivated, or killed) or parts of the virus (i.e. proteins) as foreign to the body. Subsequently, the 
immune system must destroy these foreign particles and be able to invoke the same response if the body encounters that particular virus 
again. The human immune system is extremely complex, and scientists are still working to fully understand its structure and function. 
Additionally, even the mechanisms of successful vaccines are not always completely understood. As late as 1998, scientists acknowledged 
that "in the strict scientific sense, we don't know how the [whole-cell] pertussis vaccine worked," despite it being widely and safely used for 
decades.20

Much of the difficulty in developing an HIV vaccine can be attributed to the unique biological mechanisms of the virus, the very characteristics 
that make it so formidable a global health threat. HIV is a retrovirus; its genetic information is contained in RNA instead of DNA. Currently, no 
vaccines against human retroviruses exist, so researchers lack prior models from which to work.21 Those infected with HIV develop a broad 
range of immune responses towards the virus, but these responses fail to eliminate HIV or prevent eventual progression to AIDS.22 
Antiretroviral drugs, the most effective treatment strategy currently available, decrease a patient's viral load and delay the development of 
AIDS, but they do not eliminate HIV from the body. As a result, scientists have no examples of successful immune responses to guide them in 
vaccine development.23

Those on the quest for an HIV vaccine must overcome the effectiveness of the virus in evading immune responses. Once the virus enters a 
human cell, it will continue to mutate throughout the period of infection. This is important because the immune system often relies on the body's 
ability to recognize the exact 'shape' of a particular particle. Furthermore, HIV can conceal itself by incorporating into the host DNA and 
becoming a provirus.24 An HIV vaccine would only have a few days or weeks to prevent the virus from establishing a permanent foothold in 
the body, researchers suggest. The vaccine would also need to be constantly monitored and modified to keep pace with the steady stream of 
new HIV variants, since the virus mutates very rapidly.25

These are not the only issues posed by the intricacy of the virus. For example, most scientists believe that two classical approaches to 
developing viral vaccines, using whole inactivated or live-attenuated (weakened) viruses, cannot be employed for safety and ethical reasons. 
They have instead turned to more modern and technologically sophisticated techniques, such as developing subunit vaccines, agents contain 
a part of the virus rather than the whole virus.26

During the mid- to late 1990s, controversy arose over attempts to introduce a live-attenuated HIV vaccine, thought to be particularly dangerous 
due to its potential to mutate and cause AIDS or other diseases.27 Experiments with primates showed that some macaques who were given 
the candidate vaccine eventually developed an AIDS-like syndrome. This work also suggested that the strains used in the vaccines could be 
deadly to individuals with immature immune systems.28 In trials of other vaccines, however, live-attenuated vaccines against other infections 
have provided better protection of those immunized because they can stimulate a more substantial and broad-based immune response.29

Research is further complicated by HIV's genetic variability and geographical distribution. There are nine subtypes, or clades, of the virus. 
Viruses from different subtypes can recombine to create new hybrid viruses, known as circulating recombinant forms (CRFs), which also infect 
humans.33 Subtypes and CRFs have different geographical distributions. For example, subtype B is most prevalent in the Americas, whereas 
subtypes C and E are the major causes of HIV/AIDS in Africa and Thailand, respectively.34 Scientists are not yet certain of the significance of 
this genetic diversity, but it could mean that different vaccines would be needed for different clades of the virus.35
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Vaccine:  Prevention -- Challenges
Nature of HIV presents extreme challenge
HIV infects only infects humans and chimpanzees
Chimp research:  scarce, expensive, not show signs of 

disease when infected, ethical concerns

Approach:  Develop monkey model with SIV (Simian 
immunodeficiency virus) genetically engineered to express HIV 
components (what will happen when given to humans?)

Viral subtype variety --- may need vaccines for specific 
areas

Viral mutation rate -- may need a new vaccine every year 
or more often

gp120 surface protein - needed  to bind to receptor the 
site on gp 120 that binds to CD4 and CCR5 is buried in a molecular 
pocket, and thus hard to block with an antibody

Genetically engineer live non-pathogenic bacteria or 
viruses to express HIV antigens



http://www.teenaids.org/Portals/0/Images/whatIsAIDS-
pic3.gif&imgrefurl=http://elfninosmom.wordpress.com/2008/02/10/aids-
vaccine-how-close-are-
we/&usg=__a9umcZbMVaXUZ8wwOzN0d8U5qMk=&h=402&w=400&sz=53&h
l=en&start=5&tbnid=T44Y6AzK9HKu3M:&tbnh=124&tbnw=123&prev=/images
%3Fq%3DHIV%2BVaccine%26gbv%3D2%26hl%3Den%26sa%3DG
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But perhaps the most discouraging problem facing vaccine researchers is that in the 25-plus years of the 
AIDS pandemic, not one individual has rid himself of the virus. AsDr. Anthony Fauci, head of the National 
Institute of Allergy and Infectious Diseases (NIAID), explains: "Of all the microbes we know of, this is the 
only one in which the body has proven itself completely incapable of eliminating the virus from the body 
once it gets infected. Even with the deadliest of diseases -- the viruses of smallpox, of polio, of measles --
you get infected, there's a certain mortality; then you clear the infection, the body gets an immune 
response, and it's unlikely you're going to get infected again. When you develop a vaccine, you look at the 
body and you say, 'This is what the body did to protect itself, and we're going to develop a vaccine that 
mimics what the body has done.' With HIV, the body has not been successful, so you don't have a 
framework to look and say, 'Ah, this is what we want to do.'”

http://www.pbs.org/wgbh/pages/frontline/aids/virus/vaccines.html

A vaccine that may prevent HIV has been given the green light by the U.S. Food and Drug Administration 
to begin clinical trials in humans, according to Canadian researchers.

Scientists at the University of Western Ontario, financially backed by the pharmaceutical venture company 
Sumagen, developed the vaccine, which is based on a genetically modified killed whole virus. The vaccine 
stimulated a strong immune response in early testing and appears to have no adverse effects, according to 
the researchers.

The vaccine, SAV001, will now have to undergo three phases of human clinical trials;

Phase 1. Beginning in January 2012, this phase will involve 30 HIV-positive people on whom safety will be 
retested.
Phase 2. This phase will examine immune responses in humans and will involve 600 HIV-negative people 
who are at high risk of contracting the AIDS virus.
Phase 3. This phase will determine the efficacy of the vaccine and will involve 6,000 HIV-negative 
volunteers at high risk of contracting the virus.

http://www.cbc.ca/news/health/story/2011/12/20/hiv-vaccine-western.html
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A team of researchers from Japan, Korea, and the U.S. developed an 
anti-HIV gene therapy method in which a bacterial gene called mazF is 
transferred into CD4+ T-cells. The MazF protein is an enzyme (an 
mRNA interferase) that destroys gene transcripts, preventing protein 
synthesis. The design of this mazF gene therapy vector ensures that 
synthesis of the MazF protein is triggered by HIV infection. When HIV 
infects treated T lymphocytes, MazF is induced, blocking HIV replication 
and, essentially, making the T-cells HIV resistant.

http://www.sciencedaily.com/releases/2011/01/110126121059.htm
Gene therapy that could immunize people against the most common 
type of HIV is ready to be tested on humans.Recruiting for the trial 
began Tuesday, and the first people to receive the experimental 
treatment will be HIV patients with drug-resistance problems."We do 
have good treatments for HIV. That has been one of the most successful 
stories of the last 20 years in medicine," said Pablo Tebas, an infectious 
disease expert at the University of Pennsylvania."However, over time, if 
the medications are not taken properly, individuals develop resistance 
to the HIV treatments, so they tend to have more limited therapeutic 
options."Since the discovery that a small portion of people who are 
exposed to HIV do not get infected, scientists have been working to 
discover the secret to those people's resistance and how to make others 



resistant as well.It turns out that most people have a gene called CCR5, which 
makes them vulnerable to HIV infections. The naturally resistant people have 
mutant CCR5 genes that inhibit HIV.Previously, scientists found that by 
cutting the CCR5 gene out of white blood cells involved in the immune 
response known as T-cells, they could protect a tube full of human cells from 
the virus. The gene editing technique relies on proteins called zinc finger 
nucleases that can delete any gene from a living cell.In theory, zinc finger 
nucleases could give that immunity to anyone.The procedure is simple: Take 
some healthy T-cells out of an HIV patient, clip out their CCR5 genes, grow 
more of these clipped T-cells in a dish, and then put them back in the 
patient."In this first study we will re-infuse approximately 10 billion of these 
cells back into the participants, and we will see if it is safe and if those cells 
inhibit HIV replication in vivo," said Tebas. "We know they do in the test tube.”
http://blog.wired.com/wiredscience/2009/02/hivtreatment.html
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http://www.couriermail.com.au/news/queensland/queensland-
researcher-david-harrich-develops-gene-therapy-which-could-stop-hiv-
from-turning-deadly/story-e6freoof-1226554632040

http://www.dvice.com/2013-1-18/gene-therapy-has-potential-nullify-hiv-
prevent-aids

In other words, the gene therapy that tweaked the existing HIV protein 
into Nullbasic reduced the ability of HIV itself to spread by a factor of 
10, a result that the researchers understatedly describe as "potent."

This therapy would not prevent or cure HIV: users receiving the 
treatment would still have HIV, but the virus would stay largely dormant, 
unable to replicate effectively. And this is what would prevent (or "cure") 
AIDS, which is what can develop when HIV replicates to the extent that 
the human immune system becomes severely compromised. With the 
therapy keeping HIV locked down, your immune system would stay 
healthy and you'd never get AIDS.

Animal trials of the therapy are scheduled to start in the "very near 
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future," and human trials would come after that. In humans, the way the 
therapy would work is that your own stem cells would be extracted and 
modified with the Nullbasic HIV resistance therapy. After growing for a bit in a 
lab, the stem cells get reintroduced into your body, where they'd gradually 
generate an entire immune system with HIV resistance built-in. The goal is that 
people with HIV would just need this one therapy one single time, and then 
they could stop taking anti-retroviral drugs and essentially have the same 
quality of life that they'd have if they weren't infected with HIV at all.
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Category A Primary Infection
rapid viral replication, follows exosure to HIV
most develop acute syndrome like flue (fever 

tiredness, swollen glands, sore throat, headach, rash
easy to see that it could not be recognized 

as an HIV infection; often misdiagnosed -- and now they are very 
infectious

need a blood test to determine for sure
most symptoms subside, but swollen gland 

and tireness made last years

DO GRAPH:  

Category B Clinical Latency
Immune system failure begins
persistant infections:  yeast, shingles, 

diarrhea, and some cancers (cervix)
HIV is active in the lymphoid organs & 



macrophages
Patients are still  infectious

Category C AIDS
When the T-helper cell count drops < 200 cells per 

mL, have AIDS
Opportunistic diseases of AIDS appear (see below)
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http://blueoceaninc.cafe24.com/_upload/editor/2015/08/15/Notice_eng-
1439584747_d3f90e768d4db37f65050f8cfd9d27aa.jpg

http://www.blueoceaninc.org/english/news/news.php?at=view&idx=68&
PHPSESSID=c1369f71d7fafdbef36653761182d858
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