
The Role of Inflammation in Cardiovascular
Disease in HIV-Infected Patients

Item Type text; Electronic Thesis

Authors Rygelski, Marian Mikaela

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:31:31

Link to Item http://hdl.handle.net/10150/626402

http://hdl.handle.net/10150/626402


 
 
 
 
 
 
THE ROLE OF INFLAMMATION IN CARDIOVASCULAR DISEASE IN HIV-INFECTED 

PATIENTS 
 
 

by 
 
 

Marian Mikaela Rygelski 
 
 

____________________________ 
Copyright © Marian Mikaela Rygelski 2017 

 
 

A Thesis Submitted to the Faculty of the 
 
 

DEPARTMENT OF CELLULAR AND MOLECULAR MEDICINE 
 
 

In Partial Fulfillment of the Requirements 
 

For the Degree of 
 
 

MASTER OF SCIENCE 
 
 

In the Graduate College 
 
 

THE UNIVERSITY OF ARIZONA 
 
 

2017 



12/1/17



	 3 

 
ACKNOWLEDGMENTS 

 
The author would like to thank Dr. Jean Wilson, Dr. Elizabeth Connick, and Dr. Ray 
Runyan for their guidance and participation through the thesis process.  
  



	 4 

 
TABLE OF CONTENTS 

 
ABSTRACT ...................................................................................................................... 6 
INTRODUCTION .............................................................................................................. 7 

History ........................................................................................................................... 7 
Current Problems .......................................................................................................... 9 

THE CAUSE: Human Immunodeficiency Virus (HIV) ................................................ 11 
Virus Structure ............................................................................................................ 11 
Infection Mechanism and Viral Life Cycle ................................................................... 13 
Immune Response ...................................................................................................... 16 
Clinical Disease .......................................................................................................... 19 
Loss of CD4+ T Cells and the Effects ......................................................................... 22 
Treatment.................................................................................................................... 25 

THE MECHANISM: Inflammation ................................................................................. 30 
Acute Inflammation vs. Chronic Inflammation ............................................................ 30 
Inflammatory Cells and Molecules .............................................................................. 32 

TNF-α .................................................................................................................................. 32 
IL-1 ...................................................................................................................................... 33 
IL-6 ...................................................................................................................................... 33 
C-Reactive Protein .............................................................................................................. 34 
ICAM-1 ................................................................................................................................ 34 
VCAM-1 .............................................................................................................................. 35 

A Model for Chronic Inflammation from HIV ............................................................... 35 
Initial Inflammatory Response ............................................................................................. 36 
Development to Chronic Inflammation ................................................................................ 36 

Antiretroviral Treatment and Chronic Inflammation .................................................... 40 
THE PHENOTYPE: Cardiovascular Disease .............................................................. 41 

Atherosclerosis ........................................................................................................... 41 
Treatment of Atherosclerosis ...................................................................................... 43 
A Model for Chronic Inflammation and Cardiovascular Disease ................................ 44 
Link between HIV and Cardiovascular Disease .......................................................... 46 

Risk Factors for Cardiovascular Disease in HIV Infected Persons ..................................... 47 
Lipid Abnormalities in HIV ................................................................................................... 48 

A Model of Pathogenesis from HIV Infection to Cardiovascular Disease ................... 49 
Treating HIV Patients with Cardiovascular Disease ................................................... 53 

CONCLUSION ............................................................................................................... 55 
REFERENCES ............................................................................................................... 56 

FIGURES .................................................................................................................... 63 
APPENDIX I: Figure and Table Permissions .............................................................. 65 
 

 
 



	 5 

 
LIST OF FIGURES AND TABLES 

 
Figure 1: Number of new HIV infections in 2016 and change since 2010 ........................ 8	
Figure 2: Number of people living with HIV and accessing antiretroviral treatment 

globally ...................................................................................................................... 9	
Figure 3: HIV Virion Structure ........................................................................................ 11	
Figure 4: Steps of the life cycle of HIV ........................................................................... 16	
Figure 5: Course of HIV Infection and Resulting Immune Responses ........................... 19	
Figure 6: (A) Normal gut immune defenses vs. (B) HIV effects on the gut and immune 

system during infection ........................................................................................... 21	
Figure 7: Time Course of HIV Infection: CD4 T cell count in cells per uL of blood (in 

blue) vs. copies of HIV RNA per mL of blood plasma (in red) ................................. 23	
Figure 8: (A) Immediate vs. Delayed ART and corresponding HIV RNA levels (B) CD4+ 

T cell count in immediate vs. deferred ART ............................................................ 29	
Figure 9: The HIV pathogenic cycle, highlighting between inflammation and HIV ......... 37	
Figure 10: Cellular sources of reactive oxygen species in HIV infection, and the effect of 

different HIV proteins .............................................................................................. 39	
Figure 11: Normal artery vs. artery narrowed by atherosclerotic plaque ........................ 42	
Figure 12: Atherosclerotic plaque development process ............................................... 46	
Figure 13: Pathophysiology of CVD in HIV-infected persons ......................................... 47	
Figure 14: Model for development of atherosclerosis as a result of HIV infection with 

specific cellular and molecular examples ................................................................ 52	
 
 
 
Table 1: Summary of HIV Genes, Proteins, and Functions............................................13 
Table 2: Summary of Antiretroviral Therapy Classes and Examples.............................26 
  



	 6 

ABSTRACT 
 
 Human Immunodeficiency Virus Type I, or HIV, is one of the most well-known 

and well-researched viruses in the world. The current standard of care for HIV infected 

individuals is an antiretroviral drug therapy regiment, or ART, started immediately after 

diagnosis. While this treatment is generally quite effective at keeping the viral load low 

and stopping the progression from HIV infection to AIDS, patients receiving ART 

therapy still have a lower life expectancy than uninfected individuals. Many times, the 

cause of death in these patients is not the common opportunistic pathogens and 

cancers linked to HIV and AIDS, but chronic health conditions that develop. One of 

these conditions that is seen in many of the HIV infected patients undergoing the 

antiretroviral therapy is cardiovascular disease, such as atherosclerosis and myocardial 

infarction. Research shows that one of the key players in developing these conditions in 

HIV patients is the chronic inflammation caused by the immune system attempts to 

control the level of the virus. By studying the links between HIV, inflammation, and 

cardiovascular disease, we may be able to find solutions to the development of chronic 

disease in HIV patients on antiretroviral therapy. 
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INTRODUCTION 
 
 The successful survival of a virus requires it to spread its genomic material to the 

greatest degree possible and continue replicating. The Human Immunodeficiency Virus 

Type 1, commonly known as HIV, is one of the most effective viruses in this regard 

because of its ability to integrate its genome into the host DNA. It can live in its host for 

many years before causing serious disease and death, replicating constantly throughout 

this period. Over the course of its infection, it slowly destroys the host immune system, 

and allows for many other conditions, typically caused by opportunistic pathogens, to 

surface. Even with effective antiretroviral treatment, the life expectancy for an infected 

person drops once the infection is fully established. HIV infection was declared a 

pandemic by the World Health Organization in 1987 [1], and despite an extensive 

amount of research there is still no cure or vaccination for HIV. 

 
 

History 
  

The Human Immunodeficiency Virus was first recognized in the early 1980s, 

when cases of Pneumocystis carinii pneumonia and Karposi’s Sarcomas developed in 

previously healthy men in New York and Los Angeles [2]. Other cases of 

immunodeficiency disease and rare conditions in men, women, and children were 

reported in Europe, Africa, and other areas of the US, and research began almost 

immediately. The official discovery of the virus was made in May 1983 in France, and 

was again identified as the cause of these conditions in 1984 by the National Cancer 

Institute [2]. The virus was first called the Lymphadenopathy-Associated Virus, LAV, 

and HTLV-III by the different institutes, and was renamed the Human Immunodeficiency 
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Virus, or HIV, in 1986 [2]. The number of cases of Acquired Immunodeficiency 

Syndrome, or AIDS, escalated quickly after identification, and there were over 20,000 

reported instances by 1985, and up to 300,000 by the end of 1990 [2]. HIV can be found 

on every continent, with the greatest presence in Central and Southern Africa, Asia 

Pacific, and Central Asia [3]. These numbers are visually represented in Figure 1, which 

highlights the fact that there are new infections occurring on every continent, as well as 

the fact the percentage of cases is declining in most parts of the world.   

	
Figure 1: Number of new HIV infections in 2016 and change since 2010 – This world map visually 
represents the increase or decline of HIV infections worldwide. It is important to note that while 
most areas in the world are declining, there is a dramatic increase in the percentage of new cases 
in Eastern Europe and Central Asia. Also noteworthy is the fact that while overall percentage is on 
decline, there are still a large number of new infections each year.  

Used with permission, Number of new HIV infections in 2016 and changes since 2010. “Global HIV and 
AIDS statistics.” AVERT, 1 Sept. 2017, www.avert.org/global-hiv-and-aids-statistics. 

 
As of 2016, there are 36.7 million people living with HIV, with 1.8 million of those 

being new cases [3]. Even though the number of cases has increased dramatically 

since the identification, there are positive statistics in the current fight against HIV. The 

rate of new infections is declining worldwide with improved education about prevention 
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in addition to preventative treatment, and the number of deaths has decreased 

dramatically because of effective antiretroviral therapies [3]. The number of people 

receiving treatment continues to rise, and in 2016 it was reported that for the first time 

over half of the infected individuals around the world have access to ART. This 

important milestone is illustrated in Figure 2. Based on these numbers, it might seem 

that the HIV problem may be solved, but there are still many issues that need to be 

addressed before it can be eradicated. 

	
Figure 2: Number of people living with HIV and accessing antiretroviral treatment globally – As 
treatment becomes more widely available, HIV is becoming a more manageable chronic disease 
instead of a debilitating illness. 2016 was the first year that over half of the HIV-infected 
population has access to ART, and this number is expected to continue to grow.  

Used with permission, Number of people living with HIV and accessing antiretroviral treatment globally. 
“Global HIV and AIDS statistics.” AVERT, 1 Sept. 2017, www.avert.org/global-hiv-and-aids-statistics. 

 

Current Problems 
  

Even with declining numbers of new cases of HIV infection, it remains one of the 

most prominent chronic viral infections in the world. One major challenge is initial 

identification of infected individuals. Because initial infection is often asymptomatic or 

associated with nonspecific symptoms and because of its long latent period, it can take 

years before someone realizes they are infected with HIV and can start treatment. 
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During this time, it is possible to spread the virus to others without knowing. Many social 

issues and stigmas accompany HIV, sometimes preventing infected individuals from 

seeking help and treatment. Another concern is drug-resistant strains of HIV in some 

areas of the world. HIV is a constantly changing virus, making resistance to treatment a 

real and frightening possibility. Even with effective treatments to control viral replication 

and prevent the development of AIDS, the life expectancy for an HIV patient is lower 

than that of a comparative non-infected person. It is becoming less likely for patients to 

die from the typical AIDS related diseases, like Pneumocystis carinii pneumonia and 

Karposi’s sarcoma, but chronic conditions such as cardiovascular disease are becoming 

more prominent when receiving antiretroviral therapy. Almost all of these disease states 

can be linked to chronic inflammation induced by the viral infection and the immune 

system’s attempts to eliminate it. This inflammation must be addressed as soon as 

possible to continue improving the lives of those living with HIV. 
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THE CAUSE: Human Immunodeficiency Virus (HIV) 
Virus Structure 

	
Figure 3: HIV Virion Structure - This figure shows the important structural components of the HIV 
Type 1 virus. Important components to note are the diploid RNA genome; the capsid, 
nucleocapsid, and matrix proteins; the three important enzymes, integrase, protease, and reverse 
transcriptase; and the envelope glycoprotein complex containing gp120 and gp41.  

Used with permission, Splettstoesser, Thomas. “HIV-Virion.” SciStyle, 26 June 2014, www.scistyle.com/. 

 
Human Immunodeficiency Virus is an enveloped, positive-sense, diploid, single-

stranded RNA virus belonging to the retrovirus class [4]. Retroviruses are a group of 

viruses with the same three viral genes, similar structure, and specific enzymes that are 

unique to retroviruses and important in their replication cycle [4]. The three retroviral 

genes are the Gag gene, the Pol gene, and the Env gene. The structural components of 

the viral matrix, capsid, and nucleocapsid are encoded by the Gag gene [4]. Its 

envelope is created when the virus buds out of the infected cell and contains groups of 

viral glycoproteins, specifically gp120 and gp41, which are important for the HIV 

infection mechanism [4]. These two glycoproteins are encoded by the envelope, or Env, 

gene. The critical enzymes of retroviruses are encoded by the Pol gene [4]. Figure 3 
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highlights each of these important structural components, including the important HIV 

enzymes discussed next.  

The most important and unique enzyme of the retrovirus class is reverse 

transcriptase. After infection of the host cell, this enzyme is used to create a double-

stranded DNA copy of the viral genome, and then this copy is integrated into the host 

DNA using another viral enzyme called integrase [4]. This makes the viral infection of 

the cell permanent, and the virus is then replicated anytime the cell undergoes 

replication and division.  

Besides the three main retroviral genes in HIV, the virus also has six important 

genes that encode for regulatory and accessory viral proteins, each of which serve a 

specific purpose in the infection cycle of HIV [4]. These are the tat, rev, nef, vpu, vpr, 

and vif genes. Tat and rev are regulatory genes, and they regulate viral replication and 

promote viral expression. Tat activates transcription, while rev is important for 

transporting unspliced mRNAs out of the nucleus [4]. Nef, vpu, vpr, and vif are 

accessory proteins, and they are important in determining the virus’s pathogenic 

potential [4]. Nef’s role in HIV infection is to interfere with the immune response by 

internalizing the CD4 protein and downregulating the major histocompatibility complex 

molecules, or MHC class I, both of which allow the virus to be less detectable by the 

immune cells of the body [4]. Vpu affects the virus’s ability to be released and also 

assists nef with CD4 degradation [4]. Vpr allows HIV to infect macrophages and 

monocytes, but the mechanisms are not well understood [4]. Vif, or the virion infectivity 

factor, is accurately named because this protein increases infectivity of HIV in certain 

cell lines [4]. All of these genes and proteins are important in HIV replication and life 
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cycle, and also serve as potential targets for vaccinations or therapies for HIV infected 

individuals [4]. Table 1 summarizes these genes, proteins, and their functions. 

 
Table 1: Summary of HIV Genes, Proteins, and Functions 
Gene Protein(s) Major Function(s) 
Gag p24, p7, p6 

p17 
Capsid proteins 
Matrix protein 

Pol Reverse Transcriptase 
Integrase 
Protease 

Transcribes viral RNA to dsDNA 
Integrates viral dsDNA into host genome 
Cleaves gag and pol precursors 

Env gp120 
gp41 

Binds CD4, CCR5, and CXCR4 
Promotes fusion of virion with plasma 
membrane 

Tat Tat Promotes transcription of viral DNA 
Rev Rev Allows export of unspliced viral RNA from 

nucleus 
Nef Nef Downregulates CD4, MHC-I, and other 

receptors 
Vpu Vpu Intracellular degradation of CD4 
Vpr Vpr Regulates nuclear import of pre-integration 

complex 
Vif Vif Degrades host cell defense proteins 

Adapted from Siddiqui, Mohammedharis, et al. “In-Silico designing of a potent analogue against HIV-1 
Nef protein and protease by predicting its interaction network with host cell proteins.” Journal of 
Pharmacy and Bioallied Sciences, vol. 5, no. 1, 28 Jan. 2013, pp. 66–73. 

  

Infection Mechanism and Viral Life Cycle 
	
 HIV is transmitted mainly through bodily fluids, but transmission requires 

extended contact and specific fluids such as blood, semen, vaginal fluid, and breast milk 

[5]. The most common modes of transmission are through sexual intercourse with a 

previously infected individual, sharing needles or other intravenous drug supplies, blood 

transfusion, and from mother to child during pregnancy or birth [4, 5]. There are some 

rare cases of contracting the virus through other methods, all of which involve extensive 

contact with blood or other bodily fluids [5]. Therefore, it is not considered to be a highly 
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infectious virus between persons. When the virus is first contracted, it can cause 

common viral symptoms such as fever, headache, fatigue, nausea, aching muscles, 

and swollen lymph nodes [6]. However, these symptoms typically fade after the first 

week or two, but the virus continues to replicate somewhat undetected in the body [7]. 

Clinical evidence of the disease will not appear again until the immune system begins to 

decline, which can be many years after the initial contraction of the virus [7].  

The life cycle of HIV involves a series of steps that occur in its host. The virus 

first attaches to the host cell using specific receptors, and fusion of the viral membrane 

with the cell membrane occurs [4]. HIV specifically targets immune cells, including 

monocytes, macrophages, and CD4+ T cells [4]. It is able to target these cells because 

they have CD4, CCR5, and CXCR4 receptors [4]. The CD4 receptor, or cluster of 

differentiation 4, is a receptor that defines CD4+ T cells. In normal circumstances, these 

receptors are the coreceptor for the T cell receptor, and they play an important role in 

the T cell mediated immune response [4]. The CD4 receptor is able to interact with 

MHC class II molecules on antigen presenting cells, and when this interaction occurs at 

the same time as T cell receptor activation, the T cell is activated [8]. The C-C 

chemokine receptor type 5, or CCR5 receptor, is the main coreceptor to CD4 for HIV 

infection and plays a major role in most initial infections and the virus’s ability to spread 

from cell to cell [9]. CCR5 is naturally found on T cells, monocytes, macrophages, 

dendritic cells, and neural cells like neurons and astrocytes, and its ligands are typically 

proinflammatory cytokines to induce chemotaxis [9]. The CXCR4 is also a chemokine 

receptor found on immune cells and throughout the nervous system, and has a similar 

role to CCR5. Different strains of HIV are able to use either the CCR5 or CXCR4 
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receptors to bind to and enter the host cell, but CCR5 is more common, especially in the 

early stages of infection [9]. The envelope proteins of HIV are able to interact with the 

immune cell receptors, which allows viral entry into the cell. Gp120 binds to the CD4 

receptor and either of the coreceptors, and gp41 mediates fusion of the viral envelope 

with the plasma membrane of the cell, permitting the viral contents to enter the cell [4], 

pictured in steps 1 and 2 of Figure 4. Once inside, uncoating and replication begins 

quickly (Figure 4, step 3). The reverse transcriptase enzyme transcribes the viral RNA 

into a complementary single stranded DNA (Figure 4, step 4). The enzyme is then able 

to copy this complementary DNA strand to make a double stranded DNA molecule of 

based on the original viral RNA [4]. A preintegration complex is added, and the strand 

takes on a circular shape until it is transported into the host cell nucleus and integrated 

into the host DNA (Figure 4, step 5) [4]. The integrase enzyme inserts the viral DNA into 

a somewhat random location in the DNA of the host cell, making it a permanent part of 

the cellular genome, shown in step 6 [4]. This section of genetic material is called the 

provirus, and it allows the virus to be replicated every time the cell undergoes division 

[4].  

When the virus is replicated during the process of the host cell division, long 

terminal repeating segments that are a part of the provirus help to control the 

transcription by the host RNA polymerase [4]. The full-length genome along with the 

spliced sections encoding the necessary HIV proteins are produced, highlighted in step 

7. The virions are assembled at the plasma membrane of the host cell, with the last step 

of assembly being the addition of the viral envelope from the plasma membrane as 

budding occurs in step 8 [10]. After the newly synthesized virions are released, they 
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mature outside the host and then infect new host cells. These release and maturation 

steps are shown in Figure 4, 10-13.  Once infected, the average person with HIV can 

produce 10 billion virions a day and the viral load is easily detectable [11]. 

	
Figure 4: Steps of the life cycle of HIV – This diagram illustrates the 13 general steps of viral 
replication and maturation in a human cell. These steps are: (1) Attachment; (2) Fusion; (3) 
Uncoating; (4) Reverse transcription; (5) Nuclear import; (6) Integration; (7) Transcription; (8) Nuclear 
export; (9) Translation; (10) Assembly; (11) Budding; (12) Release; (13) Maturation  

Used with permission, Engelman, Alan, and Peter Cherepanov. “The structural biology of HIV-1: 
mechanistic and therapeutic insights.” Nature Reviews Microbiology, vol. 10, no. 4, 2012, pp. 279–290., 

doi:10.1038/nrmicro2747. 

 

Immune Response 
  

The human immune system has many strategies to protect against viral 

infections, and to eliminate them if they make it past the innate immune mechanisms. 

Usually these immune defenses are able to keep out the virus or stop it from replicating 
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soon after infection. However, HIV is unique because it is able to use the normal 

immune response to its advantage and find its target cells, the CD4+ T cells. 

 Because the virus is spread through bodily fluids, it normally encounters mucosal 

tissues first [12]. Mucosal tissues are primed for immune response because of their high 

population of immune cells [4]. Most commonly, HIV first enters the body at a mucosal 

site, where it replicates locally and then spread to regional lymph nodes. This promotes 

further replication resulting in widespread viral dissemination.  

The acute innate immune response is non-specific and includes killing of infected 

cells by natural killer cells, phagocytosis by macrophages, interferon interference, and 

general inflammatory responses with cytokine activation [13]. Macrophages are typically 

an effective part of the initial response, but because macrophages are one of the target 

cells of HIV, this mechanism of immunity is not effective at eliminating the virus and 

actually contributes to the survival of HIV [14]. Proinflammatory cytokines are found in 

high levels during the early immune response to HIV, creating a cytokine storm [12], 

which likely relates to some of the symptoms of the acute infection. The levels of many 

cytokines continue to be higher than normal throughout the course of the infection [12].  

The adaptive immune response is initiated by other cells found in the secondary 

lymphoid tissues, such as dendritic cells, B cells, and T cells [13, 15]. These cells are 

able to identify viral antigens and initiate responses to target infected cells. After 

activation, antigen presenting cells such as the dendritic cells and macrophages travel 

to lymph nodes to present to B cells and T cells and activate them [12]. For most 

viruses, this would be a positive immune response leading to the end of the viral 

infection, but because the CD4+ T cells are the target of HIV this process actually 
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causes the infection to spread rather than be eliminated [12]. HIV also evades 

antibodies produced by B cells because of its ability to shield itself from antibody 

recognition, impair development of neutralizing antibodies, and mutate to escape 

antibody detection [4]. CD8+ T cells release pro-inflammatory cytokines upon activation, 

including interferons and interleukins. These cytokines create an inflammatory 

environment around infected cells [4]. This environment will persist as long as the 

immune system is attempting to eliminate the virus, and since it is a chronic infection, it 

will lead to chronic inflammation. This inflammation mechanism in HIV is supported by 

evidence showing that higher levels of viremia correlate with higher levels of immune 

response and inflammation, and control of the viral replication using antiretroviral 

therapy can reduce the inflammation to some degree [16].  

HIV has a variety of mechanisms to evade parts of the normal immune response. 

Early on, it has been shown that HIV has the ability to infect fibroblasts in the mucosal 

tissues, which are then effective enhancers of the virus [17]. HIV is also able to spread 

from cell to cell through fusion, allowing it to remain somewhat protected from the 

antibody dependent immune response [4]. Another mechanism used by HIV is to 

change the viral sequence once the adaptive immune response begins, allowing the 

virus to escape the initial B cells and T cells that were targeted to the original epitopes 

[12]. It can achieve this variability because HIV reverse transcriptase is one of the most 

error prone enzymes of all retroviruses [4]. It is common for the replicated viral DNA to 

have three or four different mutations each time it replicates [4]. HIV is also able to 

defeat the immune system through the simple act of killing the macrophages and CD4+ 

T cells it infects. By decreasing the number of immune cells that can fight against the 
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virus, the immune system struggles to keep up with the viral load [12]. All of these 

immune responses are represented over the course of time in Figure 5. 

 

	
Figure 5: Course of HIV Infection and Resulting Immune Responses - Throughout the course of its 
infection cycle, HIV is able to escape many of the immune responses that are normally successful 
in eliminating viral infection. Important to note is the virus escaping from CD8+ T cells and 
neutralizing antibodies through mutations  

Used with permission, Mcmichael, Andrew J., et al. “The immune response during acute HIV-1 infection: 
clues for vaccine development.” Nature Reviews Immunology, vol. 10, no. 1, Nov. 2009, pp. 11–23. 

 

Clinical Disease 
 
The stages of HIV disease occur over the course of many years before 

developing into the life threatening stage of Acquired Immune Deficiency Syndrome, or 

AIDS. While the HIV virus itself does not necessarily cause major illness or death, it 

does slowly destroy the cells of the immune system, allowing for opportunistic 

pathogens and other conditions to develop [4]. Many people live for years without 
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realizing they have acquired the virus because the only early signs are the general flu-

like symptoms upon initial contraction [6].  

When the virus is originally transmitted to a new host, the person may be 

asymptomatic or in some instances will experience nonspecific symptoms like fever, 

headache, muscle aches, sore throat, rash, diarrhea, nausea, and swollen lymph glands 

[6]. These signs usually appear within the first two to three weeks after the virus is 

acquired, and last on average 1-3 weeks before subsiding [6, 18]. The viral load during 

this acute infection is usually quite high, and the virus is more easily spread during this 

period. However, after the acute infection the viral load drops off significantly, and the 

virus is harder to transmit to others [6]. 

The stage after acute infection is asymptomatic for most infected patients. This 

period of clinically latent infection can last from less than one year to more than 20 

years, but on average continues for about 8 to 10 years before symptoms develop, if 

there is no treatment [6]. It is this latent period that makes HIV such an effective virus 

because it continues to replicate at low levels and evade the immune system, and is 

transmitted to others. The latent virus survives at low levels during antiretroviral 

treatment as well, but is much less transmittable [19].  

Ongoing HIV replication results in inexorable decline in CD4+ T cells, ultimately 

resulting in AIDS, which is the third stage of HIV infection [6]. HIV infected individuals 

will begin to experience chronic symptoms similar to those of the acute infection period, 

including fever, weight loss, fatigue, diarrhea, or swollen lymph nodes, or additional 

infections such as oral yeast infections or reactivation of the herpes zoster virus called 

shingles [6]. These are initial warning signs of the progression to AIDS. HIV is also 
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known to cause a loss of integrity of the mucosa in the gastrointestinal tract, shown in 

Figure 6 [20]. The gut is one of the first areas to be attacked by the HIV virus because it 

is a mucosal tissue with a high population of resident immune cells, including the HIV 

target CD4+ T cells [21]. This induced apoptosis in the GI tract leads to inflammation 

and endothelial damage. This damage allows bacteria to enter protected areas of the 

body and induce further immune response [22]. These pathogens and pathogen 

associated molecular patterns (PAMPs) activate Toll-like receptors throughout the body, 

causing a release of cytokines and a chronic inflammatory environment [16].  

	
Figure 6: (A) Normal gut immune defenses vs. (B) HIV effects on the gut and immune system 
during infection – In (A) it is clear that the gut mucosa is able to prevent many bacteria from 
crossing into the body tissues. If bacteria are able to cross this barrier, they are eliminated by the 
resident immune cells in the lamina propria, and no bacteria are spread to the blood vessels and 
disseminated in the body. In (B), the breakdown of the integrity of the mucosal layer allows for an 
overload of bacteria to enter the lamina propria, along with decreased immune cell function. 
These impairments allow the pathogenic bacteria to enter the bloodstream and spread throughout 
the body, causing wide spread infection, inflammation, and disease.  

Used with permission, Marchetti, G., C. Tincati, and G. Silvestri. "Microbial Translocation in the 
Pathogenesis of HIV Infection and AIDS." Clinical Microbiology Reviews 26.1 (2013): 2-18. 21 Apr. 2017. 
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An HIV infected person is typically considered to have fully developed AIDS 

when their CD4 T-cell count drops below 200 cells/mm3 [23]. At this point, the immune 

system is so badly impaired that that person is prone to acquire opportunistic bacterial 

and viral infections, rare cancers, kidney disease, and other complications [6]. Certain 

rare infections or conditions can also be used to diagnose AIDS [6]. Chronic viruses 

associated with HIV infection include cytomegalovirus (CMV), hepatitis C virus (HCV), 

and Epstein-Barr virus (EBV) [16]. Without CD4+ T cells working to fight off these 

infections, their viral loads can increase and cause other immune reactions to 

compensate. Cytokines are released from monocytes, macrophages, and CD8+ T cells 

in response to the lack of CD4+ T cell defense, creating a cytokine storm and chronic 

inflammatory conditions [16]. Treating the opportunistic infections when the CD4+ T cell 

count is below 200 cells/mm3 is typically ineffective because of the chronic inflammation 

and severe immune system decline, and without any intervention the life expectancy is 

about 2 years [6] and the cause of death is usually an opportunistic infection or cancer.  

 

Loss of CD4+ T Cells and the Effects 
  

CD4+ T cells are the main target of HIV. There are subsets of these T cells 

based on their function, location in the body, and phenotype [16]. They can be affected 

differently by HIV, and lead to differences in disease progression. Figure 7 shows the 

relationship between the decline of CD4+ T cells and increase in the number of HIV 

RNA copies found in blood plasma. 



	 23 

	
Figure 7: Time Course of HIV Infection: CD4 T cell count in cells per uL of blood (in blue) vs. 
copies of HIV RNA per mL of blood plasma (in red) – It is well known that HIV is able to kill CD4+ T 
cells over the course of infection. As these numbers decline and the immune response against 
HVI continues to weaken, the number of HIV RNA copies in the blood will increase, particularly 
towards the end of the disease course when CD4+ T cell counts drop below 200 cells/mm3  

Used with permission, “The GW Research Center for the Eradication of HIV.” Why Does HIV Cause 
AIDS? | The GW Research Center for the Eradication of HIV | The GW School of Medicine & Health 

Sciences, smhs.gwu.edu/timetoendhiv/hiv-aids/why-hiv-causes-aids. 

 
 Th17 cells in the intestinal tract are infected by HIV early on, and their loss leads 

to some of the damage seen in the gut mucosa. When these Th17 cells are lost, there is 

an increase in opportunistic infections, bacterial translocation outside of the gut, and 

chronic immune activation and inflammation [16]. Because of these changes in the 

mucosa, Th17 cells have been linked to disease progression. Patients on antiretroviral 

typically see an increase in Th17 cells and a reduction in the endothelial damage in the 

gastrointestinal tract [16]. 

 CD4+ memory T cells are important for the maintenance of the immune system 

because they are long living and help prevent recurring infections. These memory T 
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cells commonly express the CCR5 receptor, making them an ideal target for the virus 

[24]. Many of these cells are also found in mucosal lymph tissue, which may contribute 

to the increase in opportunistic infections in the gut and the chronic inflammatory 

response there, in addition to the depletion of the Th17 T cells [24]. In patients with HIV, 

the levels of these T cells are an indication of disease progression, and are incredibly 

important [16]. Loss of these cells is believed to contribute to the chronic immune 

response through two different processes. The first is that when these cells are 

depleted, the homeostasis of CD4+ T cells is disrupted. This leads to over-proliferation 

and subsequent activation, increasing the immune response and inflammation [16]. The 

second mechanism through which they may increasingly stimulate the immune system 

is by allowing for higher viral replication the lymph nodes and the initiation of further 

immune response [16].  

 An important subset of T cells affected by HIV are the regulatory T cells, or 

Tregs. These T cells are vital in maintaining homeostasis of the immune system and 

inflammation. They do this by releasing cytokines that reduce inflammation, like IL-10 

and TGF-β [8], as well as controlling the immune response to viral infections [16]. If 

these Tregs are infected with HIV and proceed through apoptosis, they are unable to 

control the immune response, allowing chronic inflammation. It has been proposed that 

using Tregs as a treatment for HIV would help stop the progression of many HIV-related 

conditions [16].  

 Through the destruction of these viral immune cells, HIV slowly kills the infected 

person by allowing other pathogens to take over. The lack of CD4+ T cells also puts a 
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strain on other parts of the immune system, leading to overactivation and the 

development of a chronic inflammatory environment. 

Treatment 
  

Since HIV was identified and recognized as a pandemic virus, finding some sort 

of treatment has been the focus of many researchers and doctors around the world. 

Currently, there is no cure or vaccine for the Human Immunodeficiency Virus. However, 

there are now pharmaceutical options for controlling the viral load and viral replication 

while sustaining the immune system [25], and they have been proven to be effective at 

preventing the development of AIDS, as well as reversing immune deficiency. These 

drugs are called antiretroviral drugs, and they work by inhibiting different steps in the 

replication cycle [26].  

There are 5 antiretroviral classes, with each targeting a different part of the HIV 

lifecycle [17]. The first class is the Nucleoside Reverse Transcriptase Inhibitors, or 

NRTIs. This was the first type of antiretroviral drug to be developed in the 1980s, and 

now the class has 13 FDA approved drugs [11, 27]. NRTIs work by inhibiting the 

reverse transcriptase enzyme by binding it and either terminating transcription or 

leading to incorporation of defective nucleotides. The reverse transcriptase enzyme will 

try to use these analogues, creating a faulty strand and stopping the step of the 

replication process where viral RNA is transcribed into DNA [28, 29].  The next class is 

the Non-Nucleoside Reverse Transcriptase Inhibitors, or NNRTIs. These drugs also 

cause defects in the reverse transcriptase function, but through a different mechanism. 

The NNRTIs will bind directly to the enzyme in a specific hydrophobic spot that then 

blocks DNA polymerization [30]. Protease Inhibitors, or PIs, are the third class of 
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antiretrovirals, and there are 11 currently approved by the FDA [27]. The PIs inhibit 

replication by blocking the active site of the HIV protease, thereby preventing cleavage 

of viral proteins, which is necessary to create infectious virions [31]. The fourth class is 

the HIV integrase strand transfer inhibitors, which inhibit the enzyme integrase from 

inserting the viral DNA into the host cell DNA, thereby preventing establishment of latent 

infection [32]. All of these antiretroviral drug classes work to inhibit later steps in the 

process and stop the replication cycle of HIV, while the last class stops the virus from 

entering new host cells at the beginning of their cycle. This class can be called Fusion 

Inhibitors or Entry Inhibitors, and they work by blocking the virus from spreading to new 

cells. The Entry Inhibitors are antagonists to the CCR5 coreceptor [27], which is 

necessary for HIV to enter a cell. Blocking the virus from interacting with this coreceptor 

keeps the virus from binding to and entering the host cell [33]. 

 While each of these drugs are effective to some degree on their own, typically a 

regimen of three of more different classes of antiretroviral drugs are given to an HIV 

infected person [25]. This type of medication regimen is called highly active antiretroviral 

therapy, or HAART, and was introduced in the mid 1990s [33, 34]. Initially, the triple-

drug therapies showed up to an 80% decrease in AIDS, death, and HIV related 

hospitalizations compared to HIV patients who were not receiving the HAART therapy 

[11]. When three or more drugs are given in conjunction, they are typically able to 

suppress the viral load in the blood to a level below clinical detection methods [34]. 

Typically an increase in CD4+ T cells is seen with the HAART treatment regimen as well 

[34]. This “cocktail” approach is more effective than one drug type alone because HIV 

replication is error-prone and many different variants may be found in a single patient. 
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By using multiple drugs and attacking different parts of the viral life cycle, it becomes 

possible to overcome the diversity and stop replication of the variants [34].  

 
Table 2: Summary of Antiretroviral Therapy Classes and Examples 
Class Mechanism 

of Action 
Specific Action Examples 

Nucleoside 
reverse 
transcriptase 
inhibitors 

Inhibit 
reverse 
transcriptase 

Uses nucleic acid 
analogues to mimic the 
normal DNA building 
blocks, preventing the 
transcription of viral RNA to 
DNA 

Abacavir 
Emtricitabine 
Tenofovir 

Non-nucleoside 
reverse 
transcriptase 
inhibitors 

Inhibit 
reverse 
transcriptase 

Alters the conformation of 
the catalytic site of reverse 
transcriptase to inhibit its 
action 

Efavirenz 
Etravirine 
Nevirapine 

Protease inhibitors Inhibit 
protease 

Inhibits the final maturation 
stages of HIV replication to 
result in the formation of 
non-infective viral particles 

Atazanavir 
Darunavir 
Ritonavir 

Integrase 
inhibitors 

Inhibit viral 
DNA 
integration 

Prevents the transfer of 
proviral DNA strands into 
the host chromosomal 
DNA 

Enfuvirtide 
Maraviroc 

Entry inhibitors Inhibit viral 
entry 

Binds to the viral gp41 or 
gp120 or host cell CD4+ or 
chemokine receptors to 
block viral binding and 
entry 

Dolutegravir 
Raltegravir 

Adapted from “Adult antiretroviral therapy guidelines 2017.” Southern African Journal of HIV Medicine, 
2017, www.sajhivmed.org.za/index.php/hivmed/article/view/776/969. 
 

 Another important factor in the success of antiretroviral therapy is how early the 

treatment is started after infection. When HAART treatment was first introduced into the 

clinic, it was common for the patients to be in the later stages of the infection and 

already showing low CD4+ T cell counts and high viral load [35] and it was 

recommended that treatment not be started until the cell count was below a specific 

threshold [36] because the implications of the drugs were not well understood. Recently, 
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there have been a handful of large scale clinical trials to study the effects of ARV 

therapy as well as the best practices for its administration that have changed these 

initial recommendations. 

 One of the largest clinical trials was the SMART study, designed to look at the 

effects of continuous antiretroviral treatment versus intermittent treatment. This study 

was stopped early because data showed that there was an increase in both AIDS 

related and non-AIDS related events in the group receiving intermittent antiretroviral 

treatment [37]. Specifically, there was an increase in cardiovascular, renal, and liver 

diseases that led to mortality, and it is believed this is because the on and off treatment 

regimen activated inflammatory pathways [37]. This trial and the results led to 

immediate changes in the guidelines for ART administration [37]. Following SMART, a 

second trial called START was started to determine the best time to start antiretroviral 

therapy and to study the effects the treatment had on some of the disorders seen in 

SMART patients [37]. START data determined that the sooner ART can be started, the 

better [38]. In the study, there was a 53% reduction in risk for illness and mortality in the 

group that started right away compared to the group that deferred treatment until their 

CD4+ T cell count reached the threshold of 350 cells/mm3 [38]. This study led to an 

official change in the World Health Organization guidelines that “antiretroviral therapy 

should be initiated in everyone living with HIV at any CD4 cell count” [39]. Figure 8 

shows graphically represents some of this data, highlighting the fact that patients 

receiving ART immediately showed an increase in CD4+ T cell counts as well as a 

decrease in the HIV RNA levels in the blood, and patients whose treatment was 

deferred did not show the same positive reactions to the therapy. 
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Figure 8: (A) Immediate vs. Delayed ART and corresponding HIV RNA levels (B) CD4+ T cell count 
in immediate vs. deferred ART – (A) shows that when the ART is introduced immediately, the 
percentage of patients with HIV RNA levels less than 200 copies/mL is significantly higher than 
the percentage in the group of patients whose ART initiation was deferred. (B) represents the 
significant increase in CD4+ T cell count in patients who received immediate ART initiation in 
comparison to the deferred patients, whose CD4+ cell counts did not recover to the same degree  

Used with permission, The INSIGHT START Study Group. “Initiation of Antiretroviral Therapy in Early 
Asymptomatic HIV Infection.” New England Journl of Medicine, vol. 373, 27 Aug. 2015, pp. 795–807. 

 
 Antiretroviral therapy has been proven to be effective at lessening viral load and 

allowing HIV infected individuals to live longer [26], but studies like SMART are also 

showing that there are increased risks of other diseases, such as liver conditions, renal 

failure, respiratory diseases, and cardiovascular disease associated with antiretroviral 

treatment [37]. These comorbidities generally do not appear to be a result of the 

treatment, but of the overall stress and inflammation in the body due to viral replication 

[40, 41]. Some drugs have been associated with higher risk factors, but this has not yet 

been proven or widely accepted. Understanding the mechanisms of chronic 

inflammation induced by both HIV during ART will be important in preventing these 

other conditions for HIV infected individuals in the future.  
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THE MECHANISM: Inflammation 
  

Chronic inflammation has been known to be a major part in the pathogenesis of 

HIV for many years. As ART treatment has allowed patients to live longer, the role it 

plays in the development of other chronic conditions has become clear. It is important to 

understand how each step in the immune process contributes to the disease 

progression of HIV in order to better treat this inflammation in the future.   

 

Acute Inflammation vs. Chronic Inflammation 
  

Inflammation is part of the body’s natural response to a viral infection. If the 

inflammation only lasts for a few days or weeks while the infection persists, it is 

considered acute inflammation. However, if the inflammation continues over a long 

period of time, it can become chronic and cause more harm than good [8]. In the course 

of HIV, both acute inflammation and chronic inflammation can be seen at different 

stages of infection, and many of the common symptoms are a result of the inflammatory 

response. 

 Acute inflammation is part of the initial inflammatory response to a pathogen, 

such as HIV. Receptors on many cell types recognize the invading pathogen from 

general molecular patterns, and these receptors initiate the signaling cascade [4]. One 

of the results of this cascade is the release of cytokines from the infected cell and 

neighboring cells [8]. Cytokines are molecules secreted by cells as a way of signaling to 

other cells both nearby and far away in the body [8]. These cytokines can then recruit 

immune cells to the infected area in order to initialize further immune response with 

monocytes, macrophages, and natural killer cells. Cytokines also change the 
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surrounding cells and structures around them to allow for better immune defenses. For 

example, cytokine signaling can cause nearby capillaries to dilate and slow the flow of 

blood through the area [8]. This allows the process of diapedesis, or the extravasation 

of leukocytes into the infected area, to occur. While the blood moves more slowly 

through the dilated vessels, the leukocytes have an opportunity to interact with the 

capillary walls [42]. The endothelial cells of the walls near the infected area express 

specific receptors that allow for adhesion of the leukocytes to the walls [42]. Strong 

adhesion does not happen immediately upon contact, instead the immune cells “roll” 

along the wall as they slow down and eventually bind to the receptors [42]. During the 

rolling stage, the leukocyte becomes activated as it interacts with multiple types of 

proinflammatory molecules [42]. Once the leukocyte has stopped moving, it will 

extravasate through the endothelial cells to reach the area with infected cells, where it 

will begin its immune mechanisms depending on the cell type [42]. 

 When the inflammatory mechanisms and accompanying immune responses 

continue over a long period of time, it becomes a chronic condition. This constant state 

of heightened immune activity can do more harm than good and changes the 

surrounding cells [8]. Generally epithelial cells and mesenchymal cells are the most 

likely to be affected by chronic inflammation because they are the cells that control 

many of the proinflammatory cell signaling processes [43]. Just as in acute 

inflammation, the signals released bring in immune cells such as T cells and 

phagocytes [4]. HIV is able to use this regularly advantageous defense mechanism to 

its benefit because its receptors are targeted to binding and infecting those T cells. 
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Therefore, by creating a chronic inflammatory condition, the virus is able to continue to 

spread and replicate through its preferred host cells.  

 It is well known that an environment of chronic inflammation can be a contribution 

to the development of other health conditions throughout the body [8]. It is important to 

consider the effects that these proinflammatory cytokines and immune cells have in 

relation to the ailments seen in HIV patients receiving antiretroviral therapy, including 

cardiovascular disease.  

 

Inflammatory Cells and Molecules 
 
 There are several different pathways that immune cells and other cell types use 

to induce inflammation, and cytokines play an important role in many of these 

mechanisms. Cytokines are soluble proteins that are the mode of communication for 

cells in the body. This signaling is used to activate and control immune cells and 

inflammation [8]. There are many different classes of cytokines with different roles, all of 

which are important in the immune response to a pathogen or disease. A few cytokines 

are of particular importance in HIV and cardiovascular disease, and are highlighted 

below.  

 

TNF-α 
 
 Tumor necrosis factor alpha, or TNF-α, is a cytokine that is found in increased 

concentrations in chronic inflammatory conditions. It is secreted mainly from 

macrophages and CD4+ T cells [8]. Its effects vary depending on the target cell, but 

generally it induces inflammation where it is secreted. It does this by activating 

endothelial cells and neutrophils, which can release additional cytokines, as well as by 
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signaling for apoptosis of other cell types [8]. Changes in lipid distribution, a result of 

HIV infection, can lead to increased TNF-α expression [44]. TNF-α levels are higher in 

HIV infected patients [16] and have been linked to atherosclerosis for many years [45]. 

 

IL-1 
 
 Interleukin-1, or IL-1, is a pro-inflammatory cytokine produced and released by 

macrophages, monocytes, dendritic cells, endothelial cells, and epithelial cells.  It 

activates nearby endothelial cells and causes them to express adhesion receptors to 

bind immune cells for diapedesis [8]. IL-1 is activated by HIV and plays a role in the 

disease progression [46]. Its expression is increased with lipid changes in the body, 

which is common in HIV patients. It is also found in many atherosclerotic lesions, and 

plays many roles in the inflammation of the area [45]. It has a potent inflammatory effect 

on surrounding cells, helps to activate T cells, and is part of a cascade for the release of 

other inflammatory molecules. IL-1 can also cause smooth muscle proliferation, which 

narrows the arteries [45]. TNF-α and IL-1 levels are commonly found to be correlated, 

and TNF-α may induce higher IL-1 expression [44]. All of these mechanisms of 

inflammation are important in atherosclerosis as well as HIV. 

 

IL-6 
 
 Interleukin-6, or IL-6, is one of the most important cytokines in both HIV and 

atherosclerosis. It is secreted by macrophages, T cells, and endothelial cells [8], and it 

is a potent inflammatory cytokine in chronic inflammation. IL-1 induces higher 

expression of IL-6 in vascular cells [47]. IL-6 has the ability to change an inflammatory 

response from acute to chronic [48], making it important in the chronic inflammation 
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seen in both HIV and atherosclerosis. Studies have shown that there is an increase of 

IL-6 in patients after HIV infection [49]. IL-6 has also been shown to be elevated in 

patients with cardiovascular diseases [49], and is a marker used for testing in patients 

[21]. One recent study showed “for every standard deviation increase in log interleukin-6 

(…), there were 30% increases in the prevalence of coronary stenosis in over 50% of 

HIV-infected men” [41]. High levels are correlated with increased risk of mortality [50].  

 

C-Reactive Protein 
 
 C-reactive protein, or CRP, is an innate immune response protein produced by 

the liver. Its functions include inducing expression of cell adhesion molecule, activating 

complement, mediating LDL uptake by macrophages, upregulating the production of the 

monocyte chemotactic protein 1 (MCP-1), and thereby inducing monocyte recruitment 

to the arterial wall  [45]. It is used clinically as a general diagnostic marker of disease 

and inflammation, including in diagnosis of cardiovascular diseases. IL-6 and CRP 

levels are directly correlated, and it has been linked to the oxidation of LDL in 

cardiovascular diseases [51]. CRP levels have been shown to remain high in patients 

with HIV even after viremia is decreased, an indication of the chronic inflammation and 

apoptosis occurring in the body after infection [49]. 

 

ICAM-1 
 
 The intercellular adhesion molecule 1, known as ICAM-1, is a surface 

glycoprotein that has been linked in studies to both HIV and cardiovascular disease. It is 

not a cytokine itself, but a receptor found on leukocytes and endothelial cells that is 

activated in the presence of proinflammatory cytokines by the lymphocyte function-
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associated antigen-1 integrin [52, 53]. When it is expressed in endothelial cells, it 

attracts immune cells and binds to them to start the extravasation process upon 

infection. It also promotes a more permeable vascular wall, especially in chronic 

inflammatory conditions [54]. In HIV infection, ICAM-1 can be incorporated into viral 

particles, improving the virus’s ability to bind to and infect other cells and potentially 

providing some neutralizing affect on Env antibodies [53]. In cardiovascular disease, 

circulating ICAM-1 has been an indicator of risk for atherosclerosis and myocardial 

infarction [54, 55].  

 

VCAM-1 
 
 Vascular cell adhesion protein 1, or VCAM-1, is another cell adhesion molecule 

that has links to both HIV and atherosclerosis. Like ICAM-1, VCAM-1 is expressed by 

endothelial cells and facilitates binding to leukocytes, and it is only activated in an 

inflammatory environment when the cells are activated by cytokines [56].  HIV proteins 

Tat and Vpu significantly increase the expression of VCAM-1, which attracts more of the 

immune cells that HIV targets [57, 58]. VCAM-1 has been linked chronic inflammation, 

and particularly to the development of atherosclerotic plaques in areas where it is 

expressed [59]. 

 

A Model for Chronic Inflammation from HIV 
 

HIV is a lifelong virus because of its ability to integrate its viral DNA into the host 

cell DNA and continue to replicate indefinitely. This state of constant viral reproduction 

causes upregulation of the immune system in attempts to eliminate the virus. HIV also 
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targets the immune cells, consistently depleting the macrophage and CD4+ T cell 

numbers, putting a strain on that portion of the immune response and causing other 

parts of the immune system to work in overdrive in an attempt to stop the infection. This 

constant immune response and depletion causes a state of chronic inflammation, and 

leads to other complications in the body that result in chronic health conditions, such as 

cardiovascular disease. There are many mechanisms through which HIV can cause this 

inflammation and contribute to further chronic disease. 

Initial Inflammatory Response 
 
 When HIV enters the body, the acute immune response is activated and works to 

eliminate the virus, mainly using monocytes, macrophages, and natural killer cells. 

There is a ”rapid and intense release of a variety of cytokines” [60], and high levels of 

circulating proinflammatory cytokines, such as TNF-α and IL-6, persist through the 

course of infection [24]. Unlike other viral infections, a stronger immune response and 

higher levels of activated CD8+ T cells in this stage is correlated to a worse prognosis 

and more severe disease progression because HIV targets immune cells [24].  

Development to Chronic Inflammation 
 
 Many of the initial immune responses seen with HIV continue throughout the 

infection as the virus continue to replicate. CD8+ T cell activation remains high, and “up 

to 20% of circulating CD8+ T cells can be HIV-specific in untreated chronically infected 

patients” [24]. HIV also can induce activation of lymphocytes and macrophages without 

normal antigen presentation mechanisms [24]. These activated cells continue to 

produce high levels of proinflammatory cytokines and chemokines, keeping the 

surrounding areas in a state of inflammation. One study showed that HIV infected 
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patients on ART have “on average about 40 to 60% higher concentrations of IL-6 than 

well-matched uninfected adults” [60]. Coinfection with other viruses is common with 

HIV, and the immune response to these viruses also increases the overall inflammatory 

state of the body [24]. These viruses, mainly CMV and EBV, are thought to reactivate 

and begin replicating again because of the lack of immune regulation from the depletion 

of the memory CD4+ T cells inherently caused by HIV [24]. The depletion of CD4+ T 

cells also allows for pathogens to enter the body through compromised mucosal tissues 

and cause further inflammation as the immune system, particularly the innate immune 

cells, attempts to eliminate these microbes [24]. All of these factors induce inflammatory 

conditions on their own, and when compounded together as in the case of HIV, chronic 

inflammation is a certainty. 

 

Figure 9: The HIV pathogenic cycle, highlighting between inflammation and HIV - This diagram 
shows how the cycle of HIV infection leads to further inflammation and infection over time. HIV 
infection in CD4+ T cells causes death, and their death signals to other cells to release pro-
inflammatory cytokines. These cytokines establish inflammation at the site, where healthy CD4+ T 
cells are then recruited to attempt to eliminate the virus. HIV is then able to infect these new CD4+ 
T cells, and continue the pathogenic cycle. 

  
Adapted from Cavinato, Luca. “Pyroptosis Activation in HIV-1 Infection.” Pyroptosis Activation in HIV1 

Infection RSS, 3 Oct. 2014, flipper.diff.org/apprulespathways/items/6543.	
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Another major factor in inducing inflammation with HIV infection is oxidative 

stress. Radical oxygen species, or ROS, are chemicals that are highly reactive because 

of an unpaired valence electron in their outer shell, and result from the breakdown of 

other chemicals during cellular processes, like metabolism [61]. The effect of specific 

HIV proteins on the mitochondria and cell metabolism are shown in Figure 10. High 

levels of these species can lead to negative consequences, including enzyme inhibition, 

oxidation of proteins, DNA damage, inflammation, and increased apoptosis [61]. 

Typically, ROS levels are controlled by enzymes and other nonenzymatic elements 

called antioxidants. In patients with HIV, the oxidant/antioxidant levels are unbalanced, 

with levels of superoxide dismutase, catalase, and other antioxidants lower than normal, 

leading to an increase in the reactive oxygen species and the damage they can cause 

[62]. The virus induces mitochondrial dysfunction in infected cells, and downregulates 

antioxidant enzymes, like superoxide dismutase and catalase, allowing ROS levels to 

build up in the tissue and cause damage to surrounding cells. When cells are damaged, 

they release damage-associated molecular patterns, known as DAMPs, that signals to 

the surrounding cells to activate immune responses [8]. Low CD4+ T cell counts are 

correlated  with lower levels of antioxidant scavengers [63]. Because it is a constitutive 

infection, the constant inflammatory response and infiltration by phagocytes also raises 

the reactive oxygen species levels [64]. When patients receive antiretroviral therapy, 

they induce further free radical production, and the levels of reactive oxygen species 

continue to increase and more damage will occur, creating a cycle of oxidative stress 

and resulting inflammation [65]. 
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Figure 10: Cellular sources of reactive oxygen species in HIV infection, and the effect of different 
HIV proteins – This image depicts the effects of the different HIV viral proteins on the 
mitochondria and cell metabolism processes, leading to dysregulation and an increase in radical 
oxygen species  

Used with permission, Ivanov, Alexander V. et al. “Oxidative Stress during HIV Infection: Mechanisms 
and Consequences.” Oxidative Medicine and Cellular Longevity 2016 (2016): 8910396. PMC. Web. 26 

Oct. 2017. 

	
 HIV exploits the human immune system to its advantage. Many of the defensive 

mechanisms that are designed to protect the host from viral infection contribute to 

further disease in HIV. Damage to the initially infected cells causes a release of 

proinflammatory cytokines and creates an inflammatory environment. Activation of 

immune cells releases cytokines that in turn activate HIV replication [24]. Recruitment of 

immune cells to the area of infection brings the target host cells to the virus. 

Macrophages traveling to present antigen can bring virions to lymph nodes, abundant 
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with CD4+ T cells that HIV can infect. Killing CD4+ T cells reduces the ability of the 

immune system to continue to fight the virus. Continuing to replicate at low levels 

throughout infection keeps the chronic inflammatory state, allowing all of these 

conditions to exist indefinitely. Each step of the immune response is used by HIV to 

advance through its life cycle and pathogenesis, making it one of the most difficult 

viruses to defeat. 

	

Antiretroviral Treatment and Chronic Inflammation 
 
Inflammation has been shown to be a part of all HIV infection, but chronic 

infection leading to other health conditions in HIV infected persons is seen greater 

numbers in patients receiving antiretroviral therapy. This however is a result of the 

simple fact that without ART, HIV patients will develop AIDS and die before these 

conditions can develop. As non-AIDS related deaths became more common in patients 

on antiretroviral therapy, some questioned whether the drugs themselves had any affect 

on increasing the chronic inflammation and contributing to these conditions. 

Antiretrovirals are generally successful at lessening viral replication and viral load to 

undetectable levels, as well as lessening chronic inflammation. Recent studies have 

shown that inflammation and immune activation do decrease with antiretroviral 

treatment, but “not to levels synchronous with HIV-uninfected populations” [41]. Chronic 

conditions are still prevalent in the HIV-infected ART-receiving community, and some 

drugs have even been associated with increased risk of developing these conditions. 

Antiretrovirals may also be a risk factor because of their toxicity, but their effect on 

inflammation appears to be generally positive [41, 60]. Different classes and 
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combinations of ART appear to have different effects on the level of inflammation during 

treatment, and may play a role in the future in which classes should be considered. 

THE PHENOTYPE: Cardiovascular Disease 
 
Cardiovascular disease is a general term that refers to many different conditions 

that affect heart health and function [66]. Cardiovascular disease was not something 

originally associated with HIV infection because the patients did not live long enough 

and died from the typical AIDS related diseases, but since the beginning of antiretroviral 

therapy and the stop of progression to AIDS, heart conditions are becoming more 

prevalent in patients and are a major concern. With HIV infection and ART, the most 

commonly seen form of cardiovascular disease is atherosclerosis that results in 

myocardial infarction, or heart attack, and atherosclerosis will be the focus here. [22]. 

 

Atherosclerosis  
 

Atherosclerosis is a chronic inflammatory condition that causes the hardening, 

narrowing, and eventual blockage of arteries [67]. It develops when there is damage to 

the arteries that allows plaque to adhere to and build up on the vascular walls. 

Atherosclerotic plaques are made of fatty substances, calcium, fibrin, cholesterol, and 

other cellular waste products that circulate through the arteries, as well as leukocytes 

and foam cells [68, 69]. A comparison of a healthy human artery and one with an 

atherosclerotic plaque is shown in Figure 11. These plaques can then cause myocardial 

infarctions, strokes, or other serious complications when they obstruct blood flow or 

cause a clot to form when the plaques rupture [67]. It is a progressive disease, typically 
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with no early symptoms [66], and many times the early identifiable signs are ignored by 

the patient. Signs of atherosclerosis vary depending on the location of the plaque 

buildup [70]. Build up in the coronary arteries causes angina, shortness of breath, 

arrhythmias, and fatigue. Plaques in the carotid arteries that supply blood to brain can 

cause weakness, paralysis, confusion, dizziness, loss of consciousness, and 

headaches. Atherosclerosis in the peripheral arteries can cause numbness and pain 

[70].  

	
Figure 11: Normal artery vs. artery narrowed by atherosclerotic plaque – This image clearly 
depicts how the normal artery can be obstructed from the development of the plaque under the 
endothelial layer. The plaques consist of lipids, calcium, cellular debris, and foam cells.  

Used with permission, “Atherosclerosis.” Encyclopædia Britannica, Encyclopædia Britannica, inc., 16 Jan. 
2014, www.britannica.com/science/atherosclerosis. 

	
Atherosclerosis is known to be an inflammatory disease, but the underlying 

mechanisms that lead to the inflammation are not well understood. It is believed to 

develop after there is damage to the endothelium lining the arteries [67]. This damage 
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can be caused by a variety of conditions, including high blood pressure, high 

cholesterol, high triglyceride levels in the blood, smoking, obesity, diabetes, oxidative 

stress, and chronic inflammation from a different source [71]. Many of these risk factors 

are preventable and reversible with lifestyle changes, and are common in patients 

infected with HIV [67].  

 

Treatment of Atherosclerosis 
  

There is no cure for atherosclerosis, only treatments that attempt to slow the 

progression or to bypass the blockage. Lifestyle changes are the most common 

recommendations for patients with atherosclerosis, including better eating, weight loss, 

exercise, stress management, and quitting smoking [72]. There are also medications 

designed to control the levels of cholesterol and prevent further vascular damage and 

plaque formation, called statins [72]. Statins lower LDL cholesterol levels by inhibiting 

LDL production in the liver by blocking the enzyme HMG-CoA reductase [73]. If 

atherosclerosis is too severe for pharmaceutical intervention alone, there are surgical 

options. Angioplasty is a procedure that opens the blocked artery to relieve pressure 

and reestablish blood flow. A stent may be implanted during angioplasty to keep the 

artery open after the procedure [72]. Bypass surgery, where the blocked artery is 

bypassed completely using a different artery or vein to maintain blood flow, is also 

possible [72]. There are many risks and complications with the surgeries, and they are 

only a temporary fix. 
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A Model for Chronic Inflammation and Cardiovascular Disease 
 
Atherosclerosis is a direct result of inflammation of the arteries that occurs when 

there is damage to the arterial wall. The most common cause of this damage is 

oxidation of lipid structures in low-density lipoprotein, or LDL, cholesterols [74]. LDL 

molecules become trapped in the extracellular matrix between endothelial cells, and 

begin to secrete oxidative products [74]. This oxidation process causes changes in 

surrounding endothelial cells, increasing their production of monocyte chemoattractant 

protein 1 (MCP-1), monocyte colony stimulating factor (MCSF), and vascular cell 

adhesion molecule 1 (VCAM-1) [74]. These receptors bind monocytes to the damaged 

area of the arterial wall [8], and can recruit T cells to the area as well [74]. Oxidation of 

LDL is toxic to macrophages, and when the macrophages die they release damage 

associated molecular patterns (DAMPs), which amplifies the immune response and 

inflammation in the area [74]. The cells of the vascular wall can also release cytokines, 

continuing to add to the inflammatory environment surrounding the damaged cells [75].  

The monocytes that are recruited to the area of oxidative damage bind to cells 

expressing the surface adhesion molecules [45]. They extravasate into the vessel walls 

and begin the local inflammatory response [45]. Macrophages are activated, and 

cytokines are released to continue bringing immune cells to the area [45]. Macrophages 

uptake the lipids and form foam cells, and these foam cells contribute to the plaque 

buildup [50]. Immune cells will continue to be recruited to the area of damage, 

increasing the immune response. This also traps other molecules that are circulating in 

the blood, such as cholesterol, fat, and calcium [67]. The plaques continue to grow in 

the spot of damage until they rupture, exposing the cells to the bloodstream. The cells 
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of the plaque do not have the anticoagulant properties of the endothelium, and so blood 

clots will form. Oxidative products also inhibit vasodilation, making it harder for the body 

to overcome the clot. If the blood clot is substantial and becomes lodged in the artery, 

myocardial infarction or stroke can occur [74]. Figure 12 below shows this plaque 

building process and eventual clot formation with the involved inflammatory cells.  

Markers of inflammation have been shown to be upregulated in patients with 

atherosclerosis. These markers include TNF-α, IL-1, IL-6, and C-reactive protein [74]. 

Levels of cell adhesion molecules are also higher, including intercellular adhesion 

molecule 1, or ICAM1 [45]. All of these molecules indicate an inflammatory environment 

in the cardiovascular system in patients with atherosclerosis. Figure 12 on the next 

page highlights major steps within the plaque development process. 
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Figure 12: Atherosclerotic plaque development process – (a) The lesion is first created through 
some sort of cellular damage, typically involving oxidized LDL cholesterol trapped in the intima. 
This damage leads to the recruitment of immune cells. (b) A fatty streak begins to form as more 
LDL becomes trapped, and macrophages attempt to take up the LDL molecules. Cytokines are 
continuously released and the endothelial cells are activated, creating an inflammatory 
environment. (c) Macrophages develop into foam cells as they continue to engulf LDL molecules. 
Cellular damage and death occurs within the plaque, leaving behind cellular debris. Structural 
fibers such as collagen and fibrin can also be found in this fibrous plaque stage. (d) At this stage 
of atherosclerosis, a necrotic core is a common feature of the plaque. The activated endothelial 
cells have stuck to platelets, and these platelets lead to the formation of a blood thrombus. If this 
thrombus breaks from the plaque, it can become lodged in smaller vessels and cause serious 
complications.  

Used with permission, Gargiulo, Sara, et al. “Molecular Imaging of Vulnerable Atherosclerotic Plaques in 
Animal Models.” International Journal of Molecular Sciences, vol. 17, no. 9, 9 July 2016, p. 1511. 

 

Link between HIV and Cardiovascular Disease 
	
Since the start of antiretroviral therapy, the number of chronic inflammatory 

conditions seen in HIV infected individuals continues to rise. Cardiovascular disease is 

one of the conditions that is seen in higher numbers in HIV infected individuals than 

before [40], and the development of atherosclerosis in these patients is much more 
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aggressive than in non-infected individuals [76]. When accounting for risk factors such 

as age, gender, and risk behaviors like smoking, those with HIV had a twofold risk of 

cardiovascular disease and myocardial infarctions than healthy individuals [22]. Figure 

13 visually depicts some of these links, described in detail in the following sections.  

	
Figure 13: Pathophysiology of CVD in HIV-infected persons – There are many links between the 
HIV pathology, ART, and resulting disease. Notable links are highlighted here, including 
reactivation of other viruses, dyslipidemia and metabolic dysfunction, and chronic inflammation, 
which can result in conditions including cardiovascular disease. 

Used with permission, Lars G. Hemkens, Heiner C. Bucher; HIV infection and cardiovascular 
disease, European Heart Journal, Volume 35, Issue 21, 1 June 2014, Pages 1373–1381 

 

Risk Factors for Cardiovascular Disease in HIV Infected Persons 
 
An HIV infected person has a 1.5 to 2-fold increase in risk for developing 

cardiovascular disease, and usually in a more aggressive manner at an earlier age [77]. 

There are risk behaviors that have been linked to cardiovascular disease in both the 
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HIV infected and uninfected population, as well as changes in the body caused by the 

virus that lead to the development of conditions like CVD. The virus is known to cause 

changes in lipids in and lipid distribution, and dyslipidemia and lipodystrophy have been 

linked to HIV [78]. These changes in cholesterols and triglycerides have been shown in 

healthy populations to have an effect in atherosclerotic events, and the more severe 

changes in those with HIV is a potential mechanism for artery damage [22]. HIV has 

also been linked to the induction of diabetes, another risk factor for cardiovascular 

disease [78]. Smoking is more prevalent in the HIV community, and it has an 

established effect on the heart and cardiovascular system [22]. Co-infection with other 

viruses, such as CMV and HCV can also raise the risk for cardiovascular events [79]. 

Because of the weakened immune system, it is common for other viruses to infect 

someone with HIV, which can lead to vascular damage and increases the risk of 

conditions like cardiovascular disease. It has also been proposed that the initial rapid 

recovery of the immune system after starting the ART regimen damages the arterial 

walls and causes an increase in inflammation [22].  

 

Lipid Abnormalities in HIV 
 
 HIV infection changes the balance and distribution of lipids in the body. With an 

untreated HIV infection, there is typically a decrease in cholesterol and triglyceride 

levels [78, 80]. When the patient starts antiretroviral therapy, their LDL cholesterol and 

triglyceride levels increase but HDL levels remain low [78]. These variations can cause 

changes in fat composition and distribution, resulting in lipodystrophy or lipohypertropy 

[78]. LDL molecules have also been directly linked to the inflammation in 
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atherosclerosis, so this increase is thought to increase the risk of the development of 

cardiovascular disease after starting antiretroviral treatment [74]. Dyslipidemia and 

diabetes are also conditions commonly found with HIV patients receiving ART [78, 80]. 

HIV infected patients with lipoatrophy and lipohypertrophy show increased levels of the 

inflammatory biomarkers that indicate cardiovascular risk, including TNF-α, IL-1, IL-6, 

and CRP [78].  

 

A Model of Pathogenesis from HIV Infection to Cardiovascular 
Disease 
 
 When studying the course of HIV infection, the overactivation and chronic 

inflammatory state caused by the virus, and the resulting diseases seen in patients who 

are able to stop progression to AIDS but not to eliminate the virus completely, the links 

between the cause, the mechanism, and the phenotype become clear.  

 In the first stage of pathogenesis, a patient becomes infected with the Human 

Immunodeficiency Virus through extended exposure to another infected person’s bodily 

fluids. The virus establishes itself in the mucosal tissues near the site of infection, and 

begins its life cycle. This most commonly occurs in the mucosal tissues of the gut, 

where immune cells are abundant. During this stage, HIV will infect the residential 

leukocytes such as macrophages by binding to their CD4+ and CCR5 or CXCR4 

receptors and fusing the viral membrane with the cell membrane, releasing the virion 

contents into the cell. The viral enzymes reverse transcriptase and integrase will convert 

the RNA genome to a double-stranded DNA genome, and the enzyme integrase will 

insert this DNA into the host cell DNA. This establishes a permanent infection of the 

cell, causing viral replication to occur each time normal cell replication occurs. The viral 
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particles will assemble in the cytoplasm of the host cell to create new virions, which are 

released to infect nearby cells. 

 During this stage, the innate immune response works to eliminate the virus by 

creating a state of inflammation. Infected cells release signaling molecules, or 

cytokines, to alert nearby cells of the viral presence and to recruit other immune cells to 

the area. Macrophages engulf infected cells and attempt to kill off the virus. Antigen 

presenting cells, or APCs, present viral particles to CD4+ T cells, CD8+ T cells, and B 

cells in order to stimulate the adaptive immune response. Some of these APCs will 

travel to nearby lymph nodes to present the viral antigens. HIV is able to live in these 

cells long enough to travel to the lymph node, where it can infect a large population of 

its target cells, the CD4+ T cells. The level of activation of these T cells is high at this 

point, and immune cells travel to the area of initial infection to continue to fight the viral 

infection. HIV uses this to its advantage and continues to promote an inflammatory 

environment, while spreading its genome through the immune cell population. 

 All of the immune activity and cytokine release creates a proinflammatory 

environment. Because the virus is part of the host cell genome, it can lay almost 

undetected and replicating at low levels even when the peak infection period is over. 

This continues to contribute to chronic inflammation and killing of immune cells. If left 

unchecked, the virus will eventually reduce the population of CD4+ T cells to levels that 

leave the patient immunocompromised, and AIDS develops. However, if the patient 

receives an antiretroviral treatment regimen, the viral replication level is kept low 

enough that it is undetectable by most standard tests.  
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 Even though the amount of replication on ART is low, the virus is still able to 

persist, and even though it is reduced there is still evidence of chronic inflammation at 

this state. Eventually, chronic inflammation causes damage to host cells, both infected 

and uninfected by the virus. If this damage occurs to the endothelial cells of the vascular 

wall, the development of atherosclerosis is possible. Along with the other prominent HIV 

risk factors such as lipid abnormalities, diabetes, coinfection of other viruses, oxidative 

stress from mitochondrial dysfunction, this chronic inflammatory damage starts the 

process of plaque build up in the artery. As the plaques build with fatty substances, 

cholesterol, and trapped circulating cells, more cytokines are released and the 

inflammation increases. The plaques grow until the blockage completely restricts blood 

flow, or until the plaque bursts and blood clots are released into the blood stream. 

These events can cause myocardial infarction or stroke, and likely death of the patient.  

 There are many cellular and molecular components that contribute to each step 

in the pathogenic process described above. There is no one specific path that can lead 

to disease, but many similar processes happening alongside each other. The following 

chart will outline one potential specific mechanism with its cells, cytokines, and other 

steps to further explain the model described above. 

 

 

 



	 52 

	
Figure 14: Model for development of atherosclerosis as a result of HIV infection with specific 
cellular and molecular examples – There are many contributors to the pathogenesis of HIV and the 
resulting atherosclerotic events. The purpose of this flow chart is to link together some of the 
major players mentioned in previous sections of the paper and to give specific examples of many 
of the steps and processes described in the model section preceding this chart. 

13. Plaques form and continue to grow, clots may form, and other issues may develop over time 

12. Foam cells and inflammation are both contributing factors to the start of an atherosclerotic plaque 

11. Macrophages cannot digest LDL cholesterol and become foam cells 

10. Macrophages attempt to ingest the LDL cholesterol trapped under the endothelial cell layer. There is an 
imbalance in the LDL cholesterol as a result of lipid changes caused by HIV infection 

9. Monocytes mature into macrophages after extravasation 

8. Monocytes extravasate through the endothelial cell layer 

7. VCAM-1 and ICAM-1 bind to circulating monocytes 

6. Vascular endothelial cells in an inflammatory state upregulate their expression of VCAM-1 and ICAM-1 

5. Elevated IL-6 levels leads to more inflammation in the local area, and contributes to the development of 
chronic inflammation 

4. IL-1 induces the release of another inflammatory cytokine, IL-6, in the cells it binds to during its 
circulation, which can include vascular endothelial cells 

3. IL-1 travels through the bloodstream    	

2. Infected macrophages release inflammatory cytokines, including IL-1	

1. Resident macrophages are infected by HIV in mucosal tissues	
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While chronic inflammation from HIV and atherosclerosis take some time to 

develop, these processes are accelerated and typically more aggressive compared to 

the healthy population. The HIV induced chronic inflammation causes damage that 

leads to atherosclerosis, and the resulting inflammatory response to the vascular 

damage promotes the further replication of HIV. The key to stopping this cycle is to find 

a way to stop the chronic inflammation, either through total elimination of the virus or by 

changing the immune system’s mechanisms and reducing inflammation to more normal 

levels. 

 

Treating HIV Patients with Cardiovascular Disease 
 
Currently the recommendation for HIV patients with cardiovascular disease is the 

same for those without HIV infection. The strategy includes lifestyle changes to reduce 

the risk factors and to prevent the lipid changes common in HIV patients on ART [81]. 

The interactions between cardiovascular disease medications and the antiretroviral 

therapy is under investigation [82]. There is concern that giving common cardiovascular 

disease treatments, like statins, with ART would increase negative side effects of both 

medications [81];  however there is also the potential of not only treating the 

cardiovascular disease but the lipid irregularities as well [82]. Statins are known to be 

anti-inflammatory, and appear to reduce the levels of T cell activation and monocyte 

activation, but the safety of these treatment is still debated [60]. Another concern for 

treatment for HIV patients is when to start medications for inflammation. By blocking 

inflammation, a drug is also dampening the innate viral immune response. If this is done 

too early and the virus is still in a very pathogenic state, lowering inflammation may 

allow HIV to replicate more aggressively and advance the disease state faster [60]. 
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Anti-inflammatory medications have been looked as potential treatment options 

because the chronic inflammation is thought to be the biggest contributor to 

atherosclerosis pathogenesis, but there has been little success in this area to date. The 

anti-inflammatory drug salicylate, a non-steroidal anti-inflammatory drug (NSAID), did 

undergo a small preliminary trial in HIV patients who were not receiving antiretroviral 

therapy [83]. Even though there was some evidence for improvement of vascular 

endothelial conditions, there was a high rate of liver toxicity and the treatment was not 

approved [83]. Another study looked at lowering the replication rate of one the 

coinfection viruses, CMV, in an attempt to lessen inflammation and reduce vascular cell 

damage. This clinical tests showed that the drug valganciclovir was able to reduce 

replication and in turn reduce the level of T cell activation [60].   

  



	 55 

CONCLUSION 
 
 While HIV infection has become a manageable chronic disease instead of the 

death sentence it once was, the expected life span of these patients is still lower than 

that of a non-infected individual. Many of the current problems seen today with HIV 

infection are directly related to the chronic inflammation caused by the virus. Even with 

antiretroviral treatment, this inflammation and low levels of viral replication still persist, 

and this inflammation contributes to cellular damage and the eventual development of 

conditions such as atherosclerosis. These new disease states related to HIV are of 

great concern. To continue to improve the standards for HIV treatment, chronic 

inflammation is the next hurdle that must be addressed. If this inflammation can be 

managed, the risk of the development of atherosclerosis and cardiovascular disease in 

HIV patients will be drastically lowered, giving HIV patients a better chance at living 

long, normal lives.  

  



	 56 

REFERENCES 
	
1. Monash University. "Understanding how HIV evades the immune system." 

ScienceDaily. ScienceDaily, 21 February 2017.  
 
2. “History of HIV and AIDS overview.” AVERT, 25 Sept. 2017 
 
3. “Global HIV and AIDS statistics.” AVERT, 1 Sept. 2017, www.avert.org/global-hiv-

and-aids-statistics. 
 
4. Ryan, Kenneth J., et al. Sherris Medical Microbiology. 5th ed., McGraw Hill Medical, 

2010. 
 
5. “How Is HIV Transmitted?” HIV.gov, 15 May 2017 
 
6. “HIV/AIDS: The epidemic continues.” Mayo Clinic, Mayo Foundation for Medical 

Education and Research, 21 July 2015. 
 

7. "HIV (Human Immunodeficiency Virus) Infection - Topic Overview." WebMD. 
WebMD. 07 Apr. 2017. 

 
8. Abbas, Abul K., Andrew H. Lichtman, and Shiv Pillai. Basic Immunology: Functions 

and Disorders of the Immune System. 4th ed. St. Louis, MO: Elsevier, 2016. Print. 

9. Lopalco, Lucia. “CCR5: From Natural Resistance to a New Anti-HIV 
Strategy.” Viruses, vol. 2, no. 2, May 2010, pp. 574–600. 

 
10. Sundquist, W. I., and H.-G. Krausslich. “HIV-1 Assembly, Budding, and 

Maturation.” Cold Spring Harbor Perspectives in Medicine, vol. 2, no. 8, Jan. 2012. 
 
11. Bartlett, John G. “Ten Years of HAART: Foundation for the Future - 

Medscape.” Medscape, 2006. 
 

12. Mcmichael, Andrew J., et al. “The immune response during acute HIV-1 infection: 
clues for vaccine development.” Nature Reviews Immunology, vol. 10, no. 1, Nov. 
2009, pp. 11–23. 

 
13. Dianzani F, Baron S. Nonspecific Defenses. In: Baron S, editor. Medical 

Microbiology. 4th edition. Galveston (TX): University of Texas Medical Branch at 
Galveston; 1996. Chapter 49. 

 
14. Carter, Carol A., and Lorna S. Ehrlich. “Cell Biology of HIV-1 Infection of 

Macrophages.” Annual Review of Microbiology, vol. 62, no. 1, 13 Oct. 2008, pp. 
425–443. 

 



	 57 

15. Klimpel GR. Immune Defenses. In: Baron S, editor. Medical Microbiology. 4th 
edition. Galveston (TX): University of Texas Medical Branch at Galveston; 1996. 
Chapter 50. 

 
16. Paiardini, Mirko, and Michaela Müller-Trutwin. "HIV-associated chronic immune 

activation." Immunological Reviews 254.1 (2013): 78-101. 23 Apr. 2017. 

17. Neidleman, Jason A., et al. “Mucosal stromal fibroblasts markedly enhance HIV 
infection of CD4 T cells.” PLOS Pathogens, Public Library of Science, 16 Feb. 2017, 
journals.plos.org/plospathogens/article?id=10.1371%2Fjournal.ppat.1006163. 

 
18. “HIV (Human Immunodeficiency Virus) Infection - Topic Overview." WebMD. 

WebMD. 07 Apr. 2017. 
 
19. Finzi, Diana, et al. “Latent infection of CD4 T cells provides a mechanism for lifelong 

persistence of HIV-1, even in patients on effective combination therapy.” Nature 
Medicine, vol. 5, no. 5, May 1999, pp. 512–517. 

 
20. "The HIV Life Cycle | Understanding HIV/AIDS | AIDSinfo." National Institutes of 

Health. U.S. Department of Health and Human Services, 8 Sept. 2016. 23 Apr. 
2017. 

 
21. Marchetti, G., C. Tincati, and G. Silvestri. "Microbial Translocation in the 

Pathogenesis of HIV Infection and AIDS." Clinical Microbiology Reviews 26.1 (2013): 
2-18. 21 Apr. 2017. 

 
22. Knudsen, Andreas, Ulrik Sloth Kristoffersen, Andreas Kjaer, and Anne-Mette 

Lebech. "Cardiovascular Disease in Patients With HIV." Medscape. 2012. 21 Apr. 
2017. 

23. “The Stages of HIV Infection Understanding HIV/AIDS.” National Institutes of Health, 
U.S. Department of Health and Human Services, 22 Aug. 2017, 
aidsinfo.nih.gov/understanding-hiv-aids/fact-sheets/19/46/the-stages-of-hiv-infection. 

 
24. Appay, V, and D Sauce. “Immune activation and inflammation in HIV-1 infection: 

causes and consequences.” The Journal of Pathology, vol. 214, no. 2, 27 Dec. 2007, 
pp. 231–241. 

 
25. "HIV: Antiretroviral Therapy (ART) - Topic Overview." WebMD. WebMD. 23 Apr. 

2017. 

26. Palmisano, Lucia, and Stefano Vella. “A brief history of antiretroviral therapy of HIV 
infection: success and challenges.” Ann Ist Super Sanità, vol. 47, no. 1, 20 Sept. 
2010, pp. 44–48., www.iss.it/publ/anna/2011/1/47144.pdf. 

 



	 58 

27. “HIV/AIDS Treatment - Antiretroviral drugs used in the treatment of HIV infection.” U 
S Food and Drug Administration Home Page, 9 Aug. 2016, 
www.fda.gov/forpatients/illness/hivaids/treatment/ucm118915.htm. 

 
28. “Nucleoside Reverse Transcriptase Inhibitors (NRTIs or nukes).” HIV/AIDS, U.S. 

Department of Veterans Affairs, 10 Aug. 2016, 
www.hiv.va.gov/patient/treat/NRTIs.asp. 

 
29. “Nucleoside/Nucleotide Reverse Transcriptase Inhibitors (NRTIs).” POZ, 13 Jan. 

2016, www.poz.com/drugs/classes/Nucleoside-Nucleotide-Reverse-Transcriptase-
Inhibitors. 

 
30. Ibe, Shiro, and Wataru Sugiura. “Clinical significance of HIV reverse-Transcriptase 

inhibitor-Resistance mutations.” Future Microbiology, vol. 6, no. 3, 2011, pp. 295–
315. 

 
31. Richman, Douglas D. “HIV chemotherapy.” Nature, vol. 410, no. 6831, 2001, pp. 

995–1001. 
 
32. Pandey, Krishan K., and Duane P. Grandgenett. “HIV-1 Integrase Strand Transfer 

Inhibitors: Novel Insights into their Mechanism of Action.” Retrovirology, vol. 2, 5 
Nov. 2008, pp. 11–16., 
www.ncbi.nlm.nih.gov/pmc/articles/PMC2776739/pdf/nihms91956.pdf. 

 
33. “Fusion and Entry Inhibitors for HIV.” Edited by Caroline S. Rhoads, Michigan 

Medicine, 18 May 2011, www.uofmhealth.org/health-library/ty7291. 
 

34. Arts, E. J., and D. J. Hazuda. “HIV-1 Antiretroviral Drug Therapy.” Cold Spring 
Harbor Perspectives in Medicine, vol. 2, no. 4, 2012. 

 
35. “Initiation of Antiretroviral Therapy Adult and Adolescent ARV.” National Institutes of 

Health, U.S. Department of Health and Human Services, 28 Jan. 2016, 
aidsinfo.nih.gov/guidelines/html/1/adult-and-adolescent-arv-guidelines/10/initiation-
of-antiretroviral-therapy. 

 
36. The INSIGHT START Study Group. “Initiation of Antiretroviral Therapy in Early 

Asymptomatic HIV Infection.” New England Journal of Medicine, vol. 373, 27 Aug. 
2015, pp. 795–807. 

 
37. The INSIGHT Strategic Timing of AntiRetroviral Treatment (START) Study Group. 

“Why START? Reflections That Led to the Conduct of This Large Long-Term 
Strategic HIV Trial.” HIV medicine 16.0 1 (2015): 1–9. PMC. 6 Oct. 2017. 

 
38. Cairns, Gus. “START trial finds that early treatment improves outcomes for people 

with HIV.” HIV & AIDS Information, 27 May 2015, www.aidsmap.com/START-trial-
finds-that-early-treatment-improves-outcomes-for-people-with-HIV/page/2972157/. 



	 59 

 
39. WHO. “Guideline on when to start antiretroviral therapy and on pre-Exposure 

prophylaxis for HIV.” World Health Organization, World Health Organization, Sept. 
2015, www.who.int/hiv/pub/guidelines/earlyrelease-arv/en/. 

 
40. Fantry, Lori. “The Changing Face of HIV.” University of Arizona Medical Grand 

Rounds. Tucson, AZ 

41. Hileman, Corrilynn O., and Nicholas T. Funderburg. “Inflammation, Immune 
Activation, and Antiretroviral Therapy in HIV.” Current HIV/AIDS Reports, vol. 14, no. 
3, 2017, pp. 93–100. 

 
42. Muller, W. A. “Getting Leukocytes to the Site of Inflammation.” Veterinary Pathology, 

vol. 50, no. 1, Jan. 2013, pp. 7–22. 
 
43. Grivennikov, Sergei I., Florian R. Greten, and Michael Karin. “Immunity, 

Inflammation, and Cancer.” Cell 140.6 (2010): 883–899. PMC. Web. 20 Oct. 2017. 
 
44. Popa, Calin, Mihai G. Netea, Piet L.C.M. Van Riel, Jos W.M. Van Der Meer, and 

Anton F.H. Stalenhoef. "The role of TNF-α in chronic inflammatory conditions, 
intermediary metabolism, and cardiovascular risk." Journal of Lipid Research 48 
(2007): 751-62. 24 Apr. 2017. 

 
45. Hansson, G. K. "Immune Mechanisms in Atherosclerosis." Arteriosclerosis, 

Thrombosis, and Vascular Biology 21.12 (2001): 1876-890. 24 Apr. 2017. 
 
46. Guo, Haitao, Jianmei Gao, Debra J. Taxman, Jenny P. Y. Ting, and Lishan Su. "HIV-

1 Infection Induces Interleukin-1β Production via TLR8 Protein-dependent and 
NLRP3 Inflammasome Mechanisms in Human Monocytes." Journal of Biological 
Chemistry 289.31 (2014): 21716-1726. 25 Apr. 2017.  

 
47. Sironi, Marina, Ferruccio Breviario, Paolo Proserpio, Andrea Biondi, Annunciata 

Vecchi, Jo Van Damme, Elisabetta Dejana, and Alberto Mantovani. "IL-1 Stimulates 
IL-6 Production in Endothelial Cells." The Journal of Immunology 142.2 (1989): 549-
53. 25 Apr. 2017.  

 
48. Gabay, Cem. “Interleukin-6 and Chronic Inflammation.” Arthritis Research & Therapy 

8.Suppl 2 (2006): S3. PMC. 26 Apr. 2017. 

49. Cerrato, Enrico, Andrea Calcagno, Fabrizio D'ascenzo, Giuseppe Biondi-Zoccai, 
Massimo Mancone, Walter Grosso Marra, Daniela Demarie, Pierluigi Omedè, 
Antonio Abbate, Stefano Bonora, James J. Dinicolantonio, Vicente Estrada, Javier 
Escaned, Claudio Moretti, and Fiorenzo Gaita. "Cardiovascular disease in HIV 
patients: from bench to bedside and backwards." Open Heart 2.1 (2015). 21 Apr. 
2017 

 



	 60 

50. Hsue, P. Y., S. G. Deeks, and P. W. Hunt. "Immunologic Basis of Cardiovascular 
Disease in HIV-Infected Adults." Journal of Infectious Diseases 205.Suppl 3 (2012). 
21 Apr. 2017 

 
51. Il'Yasova, Dora, Anastasia Ivanova, Jason D. Morrow, Matteo Cesari, and Marco 

Pahor. "Correlation between two markers of inflammation, serum C-reactive protein 
and interleukin 6, and indices of oxidative stress in patients with high risk of 
cardiovascular disease." Biomarkers 13.1 (2008): 41-51. 25 Apr. 2017. 

52. Lawson, Charlotte, and Sabine Wolf. “ICAM-1 signaling in endothelial 
cells.” Pharmacological Reports, vol. 61, no. 1, 2009, pp. 22–32. 

 
53. Kondo, Naoyuki, and Gregory B. Melikyan. “Intercellular Adhesion Molecule 1 

Promotes HIV-1 Attachment but Not Fusion to Target Cells.” PLoS ONE, vol. 7, no. 
9, June 2012. 

 
54. Frank, Philippe G., and Michael P. Lisanti. “ICAM-1: Role in Inflammation and in the 

Regulation of Vascular Permeability.” American Journal of Physiology - Heart and 
Circulatory Physiology 295.3 (2008): H926–H927. PMC. 6 Oct. 2017. 

 
55. Luc, Gérald, et al. “Circulating soluble adhesion molecules ICAM-1 and VCAM-1 and 

incident coronary heart disease: The PRIME Study.” Atherosclerosis, vol. 170, no. 1, 
Sept. 2003, pp. 169–176. 

 
56. “VCAM-1.” ScienceDirect, Microcirculation, 2008, 

www.sciencedirect.com/topics/neuroscience/vcam-1. 
 

57. Henderson, W. W., et al. “Human Immunodeficiency Virus (HIV) Type 1 Vpu Induces 
the Expression of CD40 in Endothelial Cells and Regulates HIV-Induced Adhesion of 
B-Lymphoma Cells.” Journal of Virology, vol. 78, no. 9, Dec. 2004, pp. 4408–4420. 

 
58. Liu, K. “HIV-1 Tat protein-Induced VCAM-1 expression in human pulmonary artery 

endothelial cells and its signaling.” AJP: Lung Cellular and Molecular Physiology, 
vol. 289, no. 2, 11 Aug. 2005, pp. 252–260. 

 
59. Ley, Klaus, and Yuqing Huo. “VCAM-1 is critical in atherosclerosis.” Journal of 

Clinical Investigation, vol. 107, no. 10, 2001, pp. 1209–1210. 
 
60. Deeks, Steven G., et al. “Systemic Effects of Inflammation on Health during Chronic 

HIV Infection.” Immunity, vol. 39, no. 4, 17 Oct. 2013, pp. 633–645. 
 
61. Sharma, Pallavi, Ambuj Bhushan Jha, Rama Shanker Dubey, and Mohammad 

Pessarakli. “Reactive Oxygen Species, Oxidative Damage, and Antioxidative 
Defense Mechanism in Plants under Stressful Conditions.” Journal of Botany 2012 
(2012): 1-26. 9 Apr. 2017. 

 



	 61 

62. Morris, Alison et al. “HIV and Chronic Obstructive Pulmonary Disease: Is It Worse 
and Why?” Proceedings of the American Thoracic Society 8.3 (2011): 320–
325. PMC. 9 Apr. 2017 

 
63. Ivanov, Alexander V., Birke Bartosch, and Maria G. Isaguliants. “Oxidative Stress in 

Infection and Consequent Disease.” Oxidative Medicine and Cellular Longevity 2017 
(2017): 1-3. 9 Apr. 2017. 

 
64. Petrache, I., K. Diab, K.S. Knox, H.L. Twigg, R.S. Stephens, S. Flores, and R.M. 

Tuder. “HIV associated pulmonary emphysema: a review of the literature and inquiry 
into its mechanism.” Thorax 63.5 (2008): 463-69. 9 Apr. 2017. 

 
65. Sharma, Bechan. “Oxidative Stress in HIV Patients Receiving Antiretroviral 

Therapy.” Current HIV Research 12.1 (2014): 13-21. 8 Apr. 2017. 
 
66. "Heart disease." Mayo Clinic. Mayo Foundation for Medical Education and 

Research, 29 July 2014. 23 Apr. 2017. 
 
67. "What Is Atherosclerosis?" WebMD. WebMD. 23 Apr. 2017. 
 
68. "Atherosclerosis.". American Heart Association, Apr. 2017. 26 Apr. 2017. 

69. Galkina, Elena, and Klaus Ley. “Immune and Inflammatory Mechanisms of 
Atherosclerosis.” Annual review of immunology 27 (2009): 165–197. PMC. 6 Oct. 
2017. 

 
70. "What Are the Signs and Symptoms of Atherosclerosis?" National Institutes of 

Health. U.S. Department of Health and Human Services, 22 June 2016. 23 Apr. 
2017. 

 
71. "Arteriosclerosis / atherosclerosis." Mayo Clinic. Mayo Foundation for Medical 

Education and Research, 31 Dec. 2015. 23 Apr. 2017. 
 
72. "How is Atherosclerosis Treated?" National Institutes of Health. U.S. Department of 

Health and Human Services, 22 June 2016. 25 Apr. 2017.  
 
73. "The mechanics of statins." Healthline. Healthline Media, 03 Apr. 2017. 26 Apr. 

2017. 
 
74. Berliner, Judith A. , Mohamad Navab, Alan M. Fogelman, Joy S. Frank, Linda L. 

Demer, Peter A. Edwards, Andrew D. Watson, and Aldons J. Lusis. "Atherosclerosis: 
Basic Mechanisms." Circulation 91.9 (1995). 24 Apr. 2017. 

 
75. Libby, P. "Inflammation and Atherosclerosis." Circulation 105.9 (2002): 1135-143. 24 

Apr. 2017. 
 



	 62 

76. Libby, P. "Inflammation in Atherosclerosis." Arteriosclerosis, Thrombosis, and 
Vascular Biology 32.9 (2012): 2045-051. 24 Apr. 2017. 

77. Grinspoon, Steven K. “Cardiovascular Disease in HIV: Traditional and Nontraditional 
Risk Factors.” IAS-USA, vol. 22, no. 4, 2014, pp. 676–679. 

 
78. Hemkens, L. G., and H. C. Bucher. "HIV infection and cardiovascular 

disease." European Heart Journal 35.21 (2014): 1373-381. 21 Apr. 2017. 
 
79. Triant, Virginia A. "Cardiovascular Disease and HIV Infection." Current HIV/AIDS 

Reports 10.3 (2013): 199-206. 21 Apr. 2017. 

80. “Dyslipidemia.” HIV/AIDS, U.S. Department of Veterans Affairs, 3 Apr. 2009, 
www.hiv.va.gov/provider/manual-primary-care/dyslipidemia.asp. 

 
81. Mooser, V. "Atherosclerosis and HIV Infection: Diagnosis and Treatment." HIV 

Infection and the Cardiovascular System Advances in Cardiology (2003): 140-50. 25 
Apr. 2017. 

 
82. Hadigan, Colleen, Catharine I. Paules, and Anthony S. Fauci. "Association Between 

Human Immunodeficiency Virus Infection and Cardiovascular Diseases." JAMA 
Cardiology 2.2 (2017): 123. 21 Apr. 2017. 

 
83. Carter, Michael. "Anti-inflammatory drug could reduce heart disease risk in patients 

with HIV." HIV & AIDS Information. 14 Mar. 2008. 26 Apr. 2017. 
  



	 63 

FIGURES 
 

1. Figure 1: Number of new HIV infections in 2016 and changes since 2010. “Global 
HIV and AIDS statistics.” AVERT, 1 Sept. 2017, www.avert.org/global-hiv-and-
aids-statistics. 
 

2. Figure 2: Number of people living with HIV and accessing antiretroviral treatment 
globally. “Global HIV and AIDS statistics.” AVERT, 1 Sept. 2017, 
www.avert.org/global-hiv-and-aids-statistics. 
 

3. Figure 3: Splettstoesser, Thomas. “HIV-Virion.” SciStyle, 26 June 2014, 
www.scistyle.com/.  

 
4. Table 1 – adapted from: Siddiqui, Mohammedharis, et al. “In-Silico designing of a 

potent analogue against HIV-1 Nef protein and protease by predicting its 
interaction network with host cell proteins.” Journal of Pharmacy and Bioallied 
Sciences, vol. 5, no. 1, 28 Jan. 2013, pp. 66–73. 

 
5. Figure 4: Engelman, Alan, and Peter Cherepanov. “The structural biology of HIV-

1: mechanistic and therapeutic insights.” Nature Reviews Microbiology, vol. 10, 
no. 4, 2012, pp. 279–290., doi:10.1038/nrmicro2747. 

 
6. Figure 5: Mcmichael, Andrew J., et al. “The immune response during acute HIV-1 

infection: clues for vaccine development.” Nature Reviews Immunology, vol. 10, 
no. 1, Nov. 2009, pp. 11–23. 

 
7. Figure 6: Marchetti, G., C. Tincati, and G. Silvestri. "Microbial Translocation in the 

Pathogenesis of HIV Infection and AIDS." Clinical Microbiology Reviews 26.1 
(2013): 2-18. 21 Apr. 2017. 

 
8. Figure 7: “The GW Research Center for the Eradication of HIV.” Why Does HIV 

Cause AIDS? | The GW Research Center for the Eradication of HIV | The GW 
School of Medicine & Health Sciences, smhs.gwu.edu/timetoendhiv/hiv-aids/why-
hiv-causes-aids. 

 
9. Table 2 – adapted from: “Adult antiretroviral therapy guidelines 2017.” Southern 

African Journal of HIV Medicine, 2017, 
www.sajhivmed.org.za/index.php/hivmed/article/view/776/969. 

 
10. Figure 8: The INSIGHT START Study Group. “Initiation of Antiretroviral Therapy 

in Early Asymptomatic HIV Infection.” New England Journl of Medicine, vol. 373, 
27 Aug. 2015, pp. 795–807. 

 
11. Figure 9 – adapted from: Cavinato, Luca. “Pyroptosis Activation in HIV-1 

Infection.” Pyroptosis Activation in HIV1 Infection RSS, 3 Oct. 2014, 
flipper.diff.org/apprulespathways/items/6543. 



	 64 

 
12. Figure 10: Ivanov, Alexander V. et al. “Oxidative Stress during HIV Infection: 

Mechanisms and Consequences.” Oxidative Medicine and Cellular 
Longevity 2016 (2016): 8910396. PMC. Web. 26 Oct. 2017. 

 
13. Figure 11: “Atherosclerosis.” Encyclopædia Britannica, Encyclopædia Britannica, 

inc., 16 Jan. 2014, www.britannica.com/science/atherosclerosis. 
 

14. Figure 12: Gargiulo, Sara, et al. “Molecular Imaging of Vulnerable Atherosclerotic 
Plaques in Animal Models.” International Journal of Molecular Sciences, vol. 17, 
no. 9, 9 July 2016, p. 1511. 

 
15. Figure 13: Lars G. Hemkens, Heiner C. Bucher; HIV infection and cardiovascular 

disease, European Heart Journal, Volume 35, Issue 21, 1 June 2014, Pages 
1373–1381 

 

  



	 65 

APPENDIX I: Figure and Table Permissions 
	
Figures 1 and 2 

 

From: Info Info@avert.org
Subject: RE: From website

Date: October 19, 2017 at 4:24 AM
To: Marian Mikaela Rygelski mmrygelski@email.arizona.edu

Hi	Marian,
	
Thanks	for	your	email.	We	are	happy	for	you	to	use	the	images	that	you	have	listed	below,	on	the
condi>on	that	they	are	used	for	your	essay	and	not	for	profit	making	publica>on.	We	would	ask
that	you	give	Avert	credit	as	follows:
	
AVERT	2016	-	Name	of	website	page	-	URL	of	website	page.	So	for	example:
	
AVERT	2016	-	Number	of	new	HIV	infec>ons	in	2016	and	change	since	2010	-
https://www.avert.org/global-hiv-and-aids-statistics
I	hope	this	helps.
	
Regards
	
Martin Wood
Operations Coordinator
 

W: www.avert.org E: info@avert.org T: +44 (0)1273 947749 
Avert, First Floor South, 6-7 Lovers Walk, Brighton, BN1 6AH, UK

Avert is registered in England. Registered Charity No. 1074849.
This message and any attachments are solely for the intended recipient and may contain confidential or privileged information. If you are not the
intended recipient, any disclosure, copying, use, or distribution of the information included in this message and any attachments is prohibited

 
 
	
From:	Marian	Mikaela	Rygelski	[mailto:mmrygelski@email.arizona.edu]	
Sent:	17	October	2017	23:05
To:	Info	<Info@avert.org>
Subject:	From	website
 
I am writing a thesis on HIV for my Master’s degree, and I am looking to obtain permission
to use two of the images on your website (https://www.avert.org/global-hiv-and-aids-
statistics):
 
1. Number of new HIV infections in 2016 and change since 2010
2. Number of people living with HIV and accessing treatment globally 
 
I must submit a proof of permission for all images, if there is another way to gain access to



	 66 

Figure 3

 
 



	 67 

Figure 4

 
 

NATURE PUBLISHING GROUP LICENSE
TERMS AND CONDITIONS

Oct 17, 2017

This Agreement between Marian Rygelski ("You") and Nature Publishing Group ("Nature
Publishing Group") consists of your license details and the terms and conditions provided by
Nature Publishing Group and Copyright Clearance Center.

License Number 4211571412262

License date Oct 17, 2017

Licensed Content
Publisher

Nature Publishing Group

Licensed Content
Publication

Nature Reviews Microbiology

Licensed Content Title The structural biology of HIV-1: mechanistic and therapeutic insights

Licensed Content Author Alan Engelman, Peter Cherepanov

Licensed Content Date Mar 16, 2012

Licensed Content Volume 10

Licensed Content Issue 4

Type of Use reuse in a dissertation / thesis

Requestor type academic/educational

Format print and electronic

Portion figures/tables/illustrations

Number of
figures/tables/illustrations

1

High-res required no

Figures Figure 1
http://www.nature.com/nrmicro/journal/v10/n4/fig_tab/nrmicro2747_F1.html

Author of this NPG article no

Your reference number

Title of your thesis /
dissertation

The Role of Inflammation in Cardiovascular Disease for HIV-infected Patients

Expected completion date Nov 2017

Estimated size (number
of pages)

45

Requestor Location Marian Rygelski
1767 Union St
Apt 101

SAN FRANCISCO, CA 94123
United States
Attn: Marian Rygelski

Billing Type Invoice



	 68 

Figure 5

 
 

NATURE PUBLISHING GROUP LICENSE
TERMS AND CONDITIONS

Oct 17, 2017

This Agreement between Marian Rygelski ("You") and Nature Publishing Group ("Nature
Publishing Group") consists of your license details and the terms and conditions provided by
Nature Publishing Group and Copyright Clearance Center.

License Number 4211580294892

License date Oct 17, 2017

Licensed Content Publisher Nature Publishing Group

Licensed Content Publication Nature Reviews Immunology

Licensed Content Title The immune response during acute HIV-1 infection: clues for
vaccine development

Licensed Content Author Andrew J. McMichael, Persephone Borrow, Georgia D. Tomaras, Nilu
Goonetilleke and Barton F. Haynes

Licensed Content Date Dec 11, 2009

Licensed Content Volume 10

Licensed Content Issue 1

Type of Use reuse in a dissertation / thesis

Requestor type academic/educational

Format print and electronic

Portion figures/tables/illustrations

Number of
figures/tables/illustrations

1

High-res required no

Figures Figure 5

Author of this NPG article no

Your reference number

Title of your thesis /
dissertation

The Role of Inflammation in Cardiovascular Disease for HIV-infected
Patients

Expected completion date Nov 2017

Estimated size (number of
pages)

45

Requestor Location Marian Rygelski
1767 Union St
Apt 101

SAN FRANCISCO, CA 94123
United States
Attn: Marian Rygelski

Billing Type Invoice

Billing Address Marian Rygelski



	 69 

Figure 6

 
 
 
Figure 7 

 
 

Title: Microbial Translocation in the
Pathogenesis of HIV Infection
and AIDS

Author: Giulia Marchetti, Camilla Tincati,
Guido Silvestri et al.

Publication: Clinical Microbiology Reviews
Publisher: American Society for

Microbiology
Date: Jan 1, 2013
Copyright © 2013, American Society for Microbiology

  Logged in as:
  Marian Rygelski
  Account #:
  3001207266

 

Permissions Request

ASM authorizes an advanced degree candidate to republish the requested material in his/her doctoral
thesis or dissertation. If your thesis, or dissertation, is to be published commercially, then you must
reapply for permission.

    

 
Copyright © 2017 Copyright Clearance Center, Inc. All Rights Reserved. Privacy statement. Terms and Conditions. 
Comments? We would like to hear from you. E-mail us at customercare@copyright.com 



	 70 

Figure 8

 
 
 
Figure 10 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	 71 

Figure 11 

 
 
Figure 12 

 



	 72 

Figure 13

 
 

OXFORD UNIVERSITY PRESS LICENSE
TERMS AND CONDITIONS

Oct 23, 2017

This Agreement between Marian Rygelski ("You") and Oxford University Press ("Oxford
University Press") consists of your license details and the terms and conditions provided by
Oxford University Press and Copyright Clearance Center.

License Number 4215131196913

License date Oct 23, 2017

Licensed content publisher Oxford University Press

Licensed content publication European Heart Journal

Licensed content title HIV infection and cardiovascular disease

Licensed content author Hemkens, Lars G.; Bucher, Heiner C.

Licensed content date Jan 9, 2014

Type of Use Thesis/Dissertation

Institution name

Title of your work The Role of Inflammation in Cardiovascular Disease for HIV-infected
Patients

Publisher of your work n/a

Expected publication date Nov 2017

Permissions cost 0.00 USD

Value added tax 0.00 USD

Total 0.00 USD

Requestor Location Marian Rygelski
1767 Union St
Apt 101

SAN FRANCISCO, CA 94123
United States
Attn: Marian Rygelski

Publisher Tax ID GB125506730

Billing Type Invoice

Billing Address Marian Rygelski
1767 Union St
Apt 101

SAN FRANCISCO, CA 94123
United States
Attn: Marian Rygelski

Total 0.00 USD

Terms and Conditions

STANDARD TERMS AND CONDITIONS FOR REPRODUCTION OF MATERIAL



	 73 

Table 1 

 
 
Table 2 

 

Title: In-silico designing of a potent
analogue against HIV-1 Nef
protein and protease by
predicting its interaction network
with host cell proteins

Author: Pal S, Mishra M, Sudhakar D R,
Siddiqui MH

Publication: Journal of Pharmacy and
Bioallied Sciences

Publisher: American Society for
Microbiology

Date: Jan 1, 2013
Copyright © 2013, Wolters Kluwer Medknow
Publications

  Logged in as:
  Marian Rygelski
  Account #:
  3001207266

 

Permissions Request

ASM authorizes an advanced degree candidate to republish the requested material in his/her doctoral
thesis or dissertation. If your thesis, or dissertation, is to be published commercially, then you must
reapply for permission.

    

 
Copyright © 2017 Copyright Clearance Center, Inc. All Rights Reserved. Privacy statement. Terms and Conditions. 
Comments? We would like to hear from you. E-mail us at customercare@copyright.com 


