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I. HUMAN IMMUNODEFICIENCY VIRUS

1. Introduction and Background
The origin of and the way HIV started causing disease in humans has been a

controversial topic since its discovery in the 1980's. The scientific community now largely
agrees that the Simian Immunodeficiency Virus (SIV) has crossed species from apes to
humans resulting in HIV. The virus “crossed from chimps to humans in the 1920s in what is
now the Democratic Republic of Congo. This was probably as a result of chimps carrying the
Simian Immunodeficiency Virus (SIV), a virus closely related to HIV, being hunted and eaten
by people living in the area.” (Origin of HIV & AIDS 2019) The controversy on the origin of
HIV came to an end when scientists found a strain of HIV-1 almost identical to SIV.

In the late 1970’s an infectious pathogen was identified as the cause of hardy
explained types of sarcomas, including Kaposi and non-Kaposi’s sarcomas, and a sudden
lung infection called PCP. However, in the early 1980’s researchers at the Pasteur Institute
isolated and identified the pathogen that ultimately was named HIV.

2. Structural and Molecular Biology of HIV
HIV consists of a lipid bilayer membrane, 15 types of viral proteins, some proteins
originating from the last host cell, and two strands of (+)RNA.
Structural proteins:

a) SU and TM are surface and transmembrane envelope proteins called gp120
and gp41. These spikes attach to the cell receptors and penetrate the surface of
the cell. These spikes are covered by carbohydrates, making it very difficult
for the antibodies to detect them.

b) MA (matrix protein) coats the inner area of the envelope when the virus buds
out of the membrane of the host cell.

c) CA (capsid protein) forms a cone shaped capsid around the viral RNA,
delivering it inside the cell.

d) NC (nucleocapsid protein) binds to the viral RNA protecting it.
Viral enzymes:

a) RT (reverse transcriptase) transcribes RNA to a block of DNA. After it builds
the first strand of DNA, RT destroys the RNA strand and starts building the
complementary DNA strand.

b) IN (integrase) integrases the viral DNA to the host cell genome, making the
virus dormant for decades.

c) PR (protease) changes the structure of other viral proteins, making them
functional and maturing the virion to a functional state.

Accessory proteins:
a) Vpu (viral protein u) helps the virion exit the host cell by weakening

envelope-receptor interactions.
b) Vif (viral infectivity factor) destroys one defensive host cell protein.
c) Vpr (viral protein r) guides the viral genome to the nucleus of the host cell.
d) P6 is a protein that helps integration of Vpr in new virions. This protein is

highly unstructured.
e) Nef (negative regulatory factor) shuts down the function of many defense

proteins of the host cells.
f) Rev (regulator of virion) regulates the splicing and transport of viral RNA.
g) Tat (trans-activation of transcription) binds to viral RNA and triggers the

abundant production of proteins.



(PDB101: Learn: Flyers, posters & other resources: Posters: The structural biology of
HIV (poster))

3.  HIV Replication Cycle

Compared to other types of viruses, HIV has a typical way of replication, being a
class VI virus in the Baltimore classification system. The illustration of the HIV life
cycle can be observed in the following figure.



a) Attachment

The spike proteins on the viral envelope act as ligands for the host cell receptors and
they are called gp41 and gp120, creating a glycoprotein complex. HIV attaches the
host cell using CD4 receptors and a CCR5 or CXCR4 coreceptor.

b) Entry

The viral envelope fuses with the host plasma membrane and releases the capsid
containing the viral RNA along with other proteins necessary for replication.

c) Uncoating

The capsid dissolves and viral RNA is released in the cytoplasm of the host cell along
with other viral proteins and enzymes.

d) Translation

The two (+)RNA strands are now located in the host cytoplasm and as reverse
transcriptase (RT) begins DNA polymerisation (reverse transcription of the RNA to
DNA). As the first DNA strand is constructed, RT excludes the RNA and starts
polymerization of the complementary DNA strand. At this point we have a double
stranded viral DNA which is transported inside the nucleus via microtubules. In the
nucleus, the viral enzyme integrase (IN) integrates the viral DNA to the host cell
DNA. At this point, host mechanisms transcribe the viral DNA into accessory viral
proteins, viral enzymes, and viral RNA further used in constructing a new virion.

e) Assembly

The viral proteins that are found in the structure of the envelope are transported to the
membrane of the host cell while the genome and the remaining proteins, which at this
point are long chains of polypeptides, are transported to the region of budding.

f) Release

The virion-like structure buds out of the host cell along with all the necessary
proteins. As we can observe, the envelope of the virus-like structure is actually the
membrane of the host cell; therefore, it is no surprise that the envelope also contains
proteins from the infected cell. At this point of the cycle the virion is not maturated
which means the proteins are not structurally functional. The enzyme protease cuts
the polypeptide chains into proteins that will eventually gain functionality and will
result in a mature and infective virion. Some scientists argue that this step also takes
place inside the host cell. However, the maturation is more likely to take place outside
the host cell because research indicates that HIV viral particles are not infectious right
after the step of release.

4. HIV Pathophysiology

HIV attacks CD4+ cells, a type of lymphocytes. These cells are perhaps the
most important for the immune system. “CD4+ cells are helper cells that activate B
cells, killer cells, and macrophages when a specific target antigen is present”(Calles,
2018). As we can see, these cells have a role in activating a lot of other cells involved



in immunity. As a result of their destruction, the immune system is compromised and
cannot fight opportunistic infection. “CD4 counts show the robustness of the immune
system. A healthy immune system normally has a CD4 count ranging from 500 to
1,600 cells per cubic millimeter of blood (cells/mm3), according to HIV.gov. When a
CD4 count is lower than 200 cells/mm3, a person will receive a diagnosis of AIDS.
AIDS is a separate condition that can develop in a person with HIV. It is also called
stage 3 of HIV. At this stage, the body’s immune system is weak due to the low
number of CD4 cells available to fight disease, and the person’s risk of infection is
very high”(Moncivaiz, 2021). CD4 cells are found in many tissues of the body,
therefore, HIV can make different cells susceptible to infection. The following table
summaries these aspects.

System Cell

Hematopoietic T-cells (CD4+ OR CD 8+)
Macrophages/monocytes
Dendritic cells
Fetal thymocytes and thymic epithelium
B-cells
NK cells
Megakaryocytic cells
Stem cells

Central Nervous System Microglia
Capillary endothelial cells
Astrocytes
Oligodendrocytes

Large Intestine Columnar epithelium

Other Kupfer cells (liver)
Synovial cells
Placental trophoblast cells

5. Vaccine, Medication, Prevention, and Symptoms

Unfortunately, there is no cure or vaccine against HIV despite the tremendous
efforts that have been made in the last three decades. However, modern medication,
HAART (highly active antiretroviral therapy), have boosted the life expectancy to
even normal levels, making the viral infection a chronic condition. Even though
medication allows infected individuals to have a healthy life, side effects of the
medicine as well as the virus itself still happen. For example, the medication taken
daily might lead to bone issues, kidney failure, and liver issues as well as HIV
associated cancers, despite the fact that HIV is not an oncovirus. “Three of these
cancers are known as ‘acquired immunodeficiency syndrome (AIDs)-defining
cancers’ or ‘AIDS-defining malignancies’: Kaposi sarcoma, aggressive B-cell
non-Hodgkin lymphoma, and cervical cancer”(HIV infection and cancer risk).



Medicine against HIV particularly targets certain steps of the replication cycle, as
seen in the following figure.

As we  can observe, there are five categories of inhibitory medicine that stop
certain steps of the infectious cycle. However, for each category there are multiple
types of medicine administered to infected individuals, depending on which one of
them has a better result in slowing down replication. Ligand inhibitors are molecules
that act as receptors for the spike proteins and block them from binding to cell
receptors. Fusion inhibitors inhibit the virion fusing with the cell membrane.
Nucleotide reverse transcriptase inhibitors and non-nucleoside reverse transcriptase
inhibitors inhibit the activities of the reverse transcriptase activities. Integrase Strand
Transfer Inhibitors inhibit the activity of integrase viral enzymes and protease
inhibitors stop the enzyme from manufacturing functional viral proteins.

Another optimistic  event occured when FDA approved the use of PrEP
(Preexposure Prophylaxis), a medicine composed of two of the categories mentioned
earlier, which reduces the risk of contracting HIV through sexual means by up to 98%
when taken orally every day. This medicine, together with the use of condoms and
raised awareness of the virus made the HIV pandemic considerably more manageable
from an epidemiological point of view.

In general, viral infection symptoms are common and they often lead to
individuals infecting other people without knowing they are themselves infected. HIV
symptoms might include fever, chills, rash, night sweats, muscle aches, sore throat,
fatigue, swollen lymph nodes, mouth ulcers, and then in the AIDS stage rapid weight
loss, extreme fatigue, diarrhea that lasts more than a week, and memory loss or other
neurological complications.



6. Epidemiology

“HIV continues to be a major global public health issue, having claimed 36.3
million [27.2–47.8 million] lives so far. There were an estimated 37.7 million
[30.2–45.1 million] people living with HIV at the end of 2020, over two thirds of
whom (25.4 million) are in the WHO African Region. In 2020, 680 000 [480 000–1.0
million] people died from HIV-related causes and 1.5 million [1.0–2.0 million] people
acquired HIV”(HIV/AIDS). In 2019 the CDC reported the HIV prevalence of
1,189,700 people living with the virus in the United States with age starting 13. Out
of this number, it is believed that about 158,500 people are undiagnosed with the
virus. Unfortunately, from 2014 to 2019 HIV infection rate increased every year.

Prevalence by category is extremely relevant and it provides exact data over
groups of people that are at risk out of which “58% acquired HIV through
male-to-male sexual contact, 26% via heterosexual contact, 11% by injection drug
use, and 5% had combined risk factors for male-to-male sexual contact and injection
drug use”(Lesson 1. epidemiology of HIV).

In terms of incidence, CDC published numbers that showed HIV infections
slowly decreasing from 2015 to 2019 “from 37,800 in 2015 to 34,800 in
2019”(Lesson 1. epidemiology of HIV).

(Lesson 1. epidemiology of HIV)

From 2015 to 2019, the deaths related to HIV were kept steady at 16,000
individuals. However, these are deaths of people who were infected with HIV,
therefore a part of this number might not be directly related to HIV or AIDS.



II. ROUS SARCOMA VIRUS

1. Introduction and Background

“RSV was discovered in 1911 by Peyton Rous, working at Rockefeller
University in New York City, by injecting cell free extract of chicken tumour into
healthy Plymouth Rock chickens”(Rous sarcoma virus 2021). RSV produces sarcoma
(connective tissue malignant tumor) in chickens and is the first described oncovirus
that opened the field of tumor virology. The study of the virus later led to the
discovery of oncogenes and carcinogenesis.

2. Structural and Molecular Biology of RSV

(Parent, Rous sarcoma virus: Contributions of a chicken virus to tumor biology, Human
cancer therapeutics, and Retrovirology 2011)

We notice that the structural biology of RSV is almost identical to HIV, as they
are both retroviruses, though RSV appears to lack some other viral proteins compared
to HIV. The figure depicts similar behavior of the virion: the first immature virion-like
particle is matured by the protease.

RSV viral structures:

a) surface and transmembrane proteins form the viral spikes (act as ligands);
b) RT: reverse transcribes the (+)RNA to dsDNA;
c) IN: integrases the viral DNA to the host cell genome;
d) vRNA: viral RNA;
e) NC: nucleocapsid protein binds to the viral RNA protecting it;



f) CA: capsid protein forms a cone shaped capsid around the viral RNA,
delivering it inside the cell;

g) PR: protease changes the structure of other viral proteins, making them
functional and maturing the virion to a functional state;

h) MA: matrix protein coats the inner area of the envelope when the virus buds
out of the membrane of the host cell.

3. Replication cycle of RSV

As we can see, the RSV life cycle is essentially identical to HIV, both falling
under the class VI in Baltimore system.

a) Attachment

The spike proteins, RSV fusion (RSV-F) glycoprotein, on the viral envelope act as
ligands for the host cell receptors, creating a glycoprotein complex. RSV attaches the
host cell using human nucleolin receptors.

b) Entry

The viral envelope fuses with the host plasma membrane and releases the capsid
containing the viral RNA along with other proteins necessary for replication.

c) Uncoating



The capsid dissolves and viral RNA is released in the cytoplasm of the host cell along
with other viral proteins and enzymes.

d) Translation

The ss(+)RNA strand is now located in the host cytoplasm and reverse transcriptase
(RT) begins DNA polymerisation (reverse transcription of the RNA to DNA). As the
first DNA strand is constructed, RT excludes the RNA and starts polymerization of
the complementary DNA strand. At this point we have a double stranded viral DNA
which is transported inside the nucleus via microtubules. In the nucleus, the viral
enzyme integrase (IN) integrates the viral DNA to the host cell DNA. At this point,
host mechanisms transcribe the viral DNA into accessory viral proteins, viral
enzymes, and viral RNA further used in constructing a new virion.

e) Assembly

The viral proteins that are found in the structure of the envelope are transported to the
membrane of the host cell while the genome and the remaining proteins, which at this
point are long chains of polypeptides, are transported to the region of budding.

f) Release

The virion-like structure buds out of the host cell along with all the necessary
proteins. As we can observe, the envelope of the virus-like structure is actually the
membrane of the host cell; therefore, it is no surprise that the envelope also contains
proteins from the infected cell. At this point of the cycle the virion is not maturated
which means the proteins are not structurally functional. The enzyme protease cuts
the polypeptide chains into proteins that will eventually gain functionality and will
result in a mature and infective virion. Some scientists argue that this step also takes
place inside the host cell. However, the maturation is more likely to take place outside
the host cell because viral particles are not infectious right after the step of release.

4.  Pathophysiology of RSV

The viral RNA of RSV only codes four genes: gag, pol, env, and src. The
oncogenic potential of RSV, however, comes from the src gene which codes for a
tyrosine kinase. “The protein product of v-src was the first retroviral transforming
protein to be identified, when serum from rabbits inoculated with tumors induced by
Rous sarcoma virus was shown to immunoprecipitate a 60-kDa phosphoprotein. This
v-SRC protein was soon found to possess protein tyrosine kinase activity, a property
that provided the first clue that phosphorylation of cellular proteins can be critical to
oncogenesis”(Flint, Principles of Virology 2020). Shortly, the 60-kDa phosphoprotein
induces cancer by upregulating cellular division pathways.



(The rous sarcoma virus (RSV))

5. Vaccine

RSV does not always have the src gene, therefore it is not always triggering sarcoma.
The src genes (c-src) are a set of genes that regulate cell division in humans as well. On the
other hand, v-src, the gene often carried by the RSV RNA proves to be a rather “inherited”
gene from an ancestral host cell, a fact that occured most likely because of the high error rate
RT. As a result of RSV seldom not acting as an oncovirus and because it does not infect
humans, vaccine efforts put towards fighting this particular virus were relatively low.
However, there appears to be an effective vaccine against RSV, as “tumor regression induced
by a low-oncogenic RSV strain PR-C elicited a protective immunity capable of preventing
not only the progressive growth of challenge tumors at the site of inoculation, but also
visceral tumor formation and erythroblastosis”(Plachy et al., 1995).

6. Epidemiology

Since its discovery, RSV has not posed an epidemiological effect as it “has long been
considered non- contagious”(Contact transmission of rous sarcoma 1960). However, from an
epidemiological point of view, we can identify the species that certainly can be infected with
the virus but they also exhibit resistance to it: “Domestic fowl, red jungle fowl, Sonnerat's
jungle fowl and turkey were susceptible to infection by RSV(HPRS-103); ring-necked
pheasant, Japanese green pheasant, golden pheasant, Japanese quail, guinea-fowl, Peking
duck, Muscovy duck and goose were resistant”(LM;, Host range of rous sarcoma virus
pseudotype RSV(HPRS-103) in 12 avian species: Support for a new avian retrovirus envelope
subgroup, designated J).

III. CRICKET PARALYSIS VIRUS

1. Introduction and Background

The Cricket Paralysis Virus (CrPV) was first discovered in the 1960s and it
falls under the category of Dicistroviridae virus family. That means, despite its name,
that “invertebrates, including aphids, leafhoppers, flies, bees, ants, and silkworms,
serve as natural hosts”(Dicistroviridae 2021).

2. Molecular and Structural Biology of CrPV

CrPV is a less complex virus than the ones previously described, consisting of
only an icosahedral capsid and a single-stranded positive RNA.



The viral capsid consists of four different proteins named VP1, VP2, VP3, and
VP4, while there are three non-structural proteins: helicase, protease, and RdRP.

3. Replication cycle of CrPV

Too little research has been put into studying this type of virus. However, as
mentioned earlier, the CrPV is in the Dicistroviridae family, Cripavirus genus and
general information is known about the replication of this particular genus. CrPV
infects invertebrates, has no tissue tropism, entry is facilitated by cell receptor
endocytosis, release is accomplished through budding, and the replication and
assembly sites are in the cytoplasm.

4. Pathophysiology of CrPV

The CrPV virus falls under the class IV in the Baltimore system, producing
mRNA from a (+)ssRNA. The fatality of the virus, especially on crickets, is up to
95%. The exact reason why this virus is triggering paralysis in invertebrates is still
unknown but it must be a neurological pathology.

It is interesting to look closely at the genome of CrPV, as it provides more
justification for its efficiency as a pathogen.



(Dicistroviridae 2012)

We notice that the genome is fairly short, with only three non-structural
proteins, helicase, protease, and RNA-dependent RNA Polymerase. The latter is used
to transcribe the positive RNA to negative RNA used for capsid protein translation.
Another crucial aspect in this genome is the IRES region (internal ribosome entry
site) that can be “read” by the ribosome “RNA structures that allow cap-independent
initiation of translation and are capable of initiating translation in the middle of a
messenger RNA”(SIB Swiss Institute of Bioinformatics). More exactly, viral IRES
translation is a method through which the virus assures replication even when host
translation is inhibited as a defense mechanism or as a result of environmental factors.
“The reason for this observation is that IRES-mediated translation requires fewer
factors than canonical cap-dependent translation initiation, which is modulated by cap
binding proteins that are often inactivated during cell stress”(Cevallos & Sarnow,
2010), therefore, replication is facilitated, resulting in a fulminant viral efficiency.

(Deborah, Millions of dead crickets)

5. Epidemiology

Initially discovered in outbreaks of the fields around Australia, CrPV affected
different continents at an alarming rate. The Australian outbreak was followed by the
“catastrophic collapses in American cricket rearing facilities”(Cricket paralysis virus
2021) with over 60 million cricket deaths. A similar report was established in the UK
in 2010.
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