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Learning objectives

 Explain how HIV establishes infection in the body,
following a sexual exposure.

« Describe what happens to CD4+ T-cells and HIV RNA
(viral load) after someone is infected with the virus.

* Qutline three opportunistic infections that can affect
people with HIV.

* Identify which opportunistic infections are the most
common among people with HIV in the US.
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Presenter
Presentation Notes
Let’s look at the first steps of HIV infection in the body. 

This diagram shows cells of a mucosal surface – a wet lining of the body – across the middle. This is a rectal mucosal lining, since the cells are like cylinders or columns and not layers and layers of flatter cells like you would find in the mouth or the vagina.

Underneath that layer of cells, special kinds of immune system cells are constantly on “patrol” to identify germs that may have crossed that surface and invaded the body. The ones that are especially important for HIV infection are called “dendritic cells” and they are CD4-positive, meaning that they can be infected with HIV if they’re exposed to the virus.
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If someone has condomless receptive anal sex and is exposed to semen that contains HIV, then the virus may find its way across that mucosal lining, down to the layer where the dendritic cells are.
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If HIV comes into contact with that dendritic cell, it will bind to its surface and gain entry inside the cell.
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Once inside the cell, HIV goes through a number of changes that allow it to ”hijack” the cell and begin making copies of itself.

Remember that HIV is a retrovirus, meaning that an essential part of its life cycle is to ”integrate” itself into the host’s genes. HIV literally becomes a part of your own DNA, and this is the major hurdle we have in trying to cure the infection. We don’t know how to get HIV out of cells, once it has had a chance to integrate.

For clinical audiences ONLY:  The inset diagram shows the steps of the HIV life cycle. Once the virus has gained entry into the cell, its genome – made of RNA – gets converted into DNA through a process called ”reverse transcription.” That newly formed DNA is escorted into the nucleus of the cell, and that’s where it is able to integrate into the host cell. At this stage, we refer to HIV as a “provirus” or “proviral DNA.” From this integrated DNA, the cell’s own machinery makes RNA copies, which get processed into new virus components. Those assemble into new viruses and pinch or “bud” off from the cell surface, where they go on to infect other cells. 
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Let’s look at what happens after the infection has become established.

The red line on this diagram shows the amount of virus that you can detect in the blood, over time – this is the “viral load.”  In the first few weeks after infection, the viral load increases rapidly, sometimes reaching millions of copies. This period is called “acute infection” or “acute HIV infection.”  Almost everyone has some symptoms during this period of time – it usually looks or feels like an influenza-like illness or “mono” (infectious mononucleosis), with fevers, a sore throat, swollen glands (lymph nodes), and sometimes body rashes. Many people with acute HIV feel poorly enough to seek medical attention, but unless a provider is thinking about HIV as a possibility, it’s easy to dismiss this as just a viral illness of some sort.

Around 6 weeks after infection, the immune system is able to get a little bit of control over the infection, and the viral load will come down. Once it comes down, the viral load will stay at a lower level for a long period of time. That level is called the “viral set point,” and for most people it’s somewhere between 5,000 and 10,000 copies.

If someone does not get treated for HIV and it continues to advance or worsen, the viral load will start to rise again.

References
Fauci AS, Pantaleo G, Stanley S, Weissman D. Immunopathogenic mechanisms of HIV infection. Ann Intern Med. 1996 Apr 1;124(7):654-63. Available at: https://doi.org/10.7326/0003-4819-124-7-199604010-00006
Cohen MS, Shaw GM, McMichael AJ, Haynes BF. Acute HIV-1 Infection. N Engl J Med. 2011 May 19;364(20):1943-54.  Full text available for free at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3771113/
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On this graph, we’ve added the CD4 count over time in blue. A “normal” CD4 count is somewhere around 1,000 cells. During acute HIV infection, the CD4 count takes a big hit, sometimes dropping into the low hundreds. Around the time that the immune system gets some control over the virus and the viral load drops, the CD4 count begins to recover. That coincides with recovery from the symptoms of acute HIV infection.

Over time, the CD4 count will decline for someone with untreated HIV infection. When it reaches 200, that person has met criteria for a diagnosis of AIDS. On average, someone with untreated HIV infection will lose about 100 cells from their CD4 count per year. That explains why it takes about 8 years (on average) to progress to AIDS from the time of infection, if they are not diagnosed and started on antiretroviral medications.

References
Fauci AS, Pantaleo G, Stanley S, Weissman D. Immunopathogenic mechanisms of HIV infection. Ann Intern Med. 1996 Apr 1;124(7):654-63. Available at: https://doi.org/10.7326/0003-4819-124-7-199604010-00006
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Most people will start to lose weight, have fevers or night sweats, or develop other symptoms before they reach a CD4 count of 200. As the count continues to fall, people with HIV may develop less common infections and some types of cancer. We call these “opportunistic conditions” because they are a sign of other germs taking advantage of a weakened immune system to grow and cause illness – they’re opportunists.

Again, this graph is showing what happens for someone who is not on HIV treatment. When someone starts on medications, their viral load will fall to being undetectable and their CD4 count will recover (at least somewhat). The degree to which the immune system can recover depends a lot on how long the person has been living with HIV. People who start on treatment during acute HIV infection almost always return to a numerically normal CD4 count. People who were diagnosed very late – with AIDS or an opportunistic condition – may not ever have their CD4 count rise over 200 again. Every patient is unique, and the amount their immune system can recover isn’t always predictable.

References
Fauci AS, Pantaleo G, Stanley S, Weissman D. Immunopathogenic mechanisms of HIV infection. Ann Intern Med. 1996 Apr 1;124(7):654-63. Available at: https://doi.org/10.7326/0003-4819-124-7-199604010-00006
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If we zero in on the ”tail” of the CD4 curve, we can get an idea of when certain kinds of opportunistic conditions develop.

Certain types of cancer that are driven by infections with viruses may develop at CD4 counts above 200 – especially non-Hodgkin lymphoma (associated with Epstein-Barr virus) and Kaposi sarcoma (associated with human herpesvirus 8). Tuberculosis and shingles can develop at essentially any CD4 count.

At CD4 counts below 200, we see some of the more severe complications of advanced HIV. We’ll talk more about the details of the most common conditions next.

References
Horsburgh CR Jr. Mycobacterium avium complex infection in the acquired immunodeficiency syndrome. N Engl J Med. 1991 May 9;324(19):1332-8. Available at: https://doi.org/10.1056/NEJM199105093241906
Corey L, Coombs RW. The natural history of HIV infection: implications for the assessment of antiretroviral therapy. Clin Infect Dis. 1993 Feb;16 Suppl 1:S2-6. Available at: https://doi.org/10.1093/clinids/16.supplement_1.s2
Grogg KL, Miller RF, Dogan A. HIV infection and lymphoma. J Clin Pathol. 2007 Dec;60(12):1365-72. Available at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2095580/
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Presentation Notes
What is Pneumocystis (“NEW-mo-SISS-tiss”) pneumonia? This is a type of lung infection that’s caused by an unusual kind of fungus called Pneumocystis jirovecii (“yee-roh-VET-zee”). We acquire the Pneumocystis fungus as small children by inhaling the organism deep into the lungs. The source is probably from other people – likely our parents or caregivers when we were children. 

Normally our immune systems keep Pneumocystis in check and it doesn’t cause us any problems. But if our immune system gets weakened (as with advanced HIV disease), the fungus can start replicating in our lungs. This causes fevers and a dry cough – along with a progressively worsening shortness of breath. Sometimes the infection can cause the lung to rupture, causing air to leak into the space between the lung and the inside of the chest wall (a serious condition called a “pneumothorax”).

Diagnosis of Pneumocystis is made by recognizing abnormalities in the lungs on chest x-rays, or seeing the organism under the microscope in sputum samples from patients with PCP.

References
https://aidsinfo.nih.gov/guidelines/html/4/adult-and-adolescent-opportunistic-infection/321/pneumocystis-pneumonia
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What is esophageal candidiasis (“uh-saw-fuh-JEE-uhl kan-duh-DIE-uh-suss”)? This is an infection of the lining of the mouth and the esophagus caused by a fungus named Candida albicans (“kan-duh-DUH AL-buh-kans”) – the same organism that causes vaginal yeast infections. Candida organisms are normally found in our mouths and our gut, but our bodies are able to keep them in check if our immune systems are working properly. Just like with Pneumocystis, if our immune system gets weakened (as with advanced HIV disease), Candida can start overgrowing. This causes white patches in the mouth or the throat that are called “thrush.” People with esophageal candidiasis most often complain of pain with swallowing or a burning sensation in their chest that’s sort of like heartburn or acid reflux.�
Diagnosis of esophageal candidiasis is made when you see thrush inside the mouth (as shown in the picture) or if similar patches are seen in the esophagus during a procedure called an endoscopy (“en-DOSS-koh-pee”).

References
https://aidsinfo.nih.gov/guidelines/html/4/adult-and-adolescent-opportunistic-infection/331/candidiasis


T

Mycobacterium avium
complex

(bacteria acquired through
our lungs or Gl tract, from
the environment)

A E T ?IDS Eduguﬁon g(
raining Center Program
Southeast

What is MAC?

Caused by Signs & Symptoms

Fever Physical exam
. (Enlarged liver or
Night sweats spleen)
Weight loss Abnormal blood tests
Bifaie (alkaline
phosphatase)
Diarrhea
Cultures

Abdominal pain
Imaging findings

Anemia
Microscopy of

specimens



Presenter
Presentation Notes
What is MAC? MAC is an acronym for Mycobacterium avium complex (“my-koh-BACK-teer-ee-um AY-vee-um”), a group of special bacteria that are cousins of tuberculosis. (We’ll talk about tuberculosis in a minute.) MAC organisms are naturally found in our environment – often in water – and we usually acquire this infection by inhaling organisms or ingesting them in foods or drinks. In the picture, the reddish-purplish lines are MAC organisms that have been stained with a special dye to make them stand out under the microscope.

In people with HIV, MAC usually only starts to cause problems when the immune system has been very severely worn down, with CD4 counts of 50 or less. At that point, MAC can leave the gut and get into the liver or the bloodstream.  Patients often have fevers and night sweats, but other symptoms depend on where the MAC is growing. If MAC is in the liver, then patients may have abdominal pain and some abnormal liver test results. If the MAC has gotten into the bloodstream, it can often make its way into the bone marrow, where it can crowd out the normal blood-making cells, resulting in low red blood cell counts (anemia).

Diagnosis of MAC is made by examining the patient, their lab tests, and any specimens that can be collected from parts of the body that might have MAC growing in them.

References
https://aidsinfo.nih.gov/guidelines/html/4/adult-and-adolescent-opportunistic-infection/326/mycobacterium-avium-complex
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What is tuberculosis (“too-burr-kyoo-LOW-siss”) or TB? This is an infection caused by Mycobacterium tuberculosis (“my-koh-BACK-teer-ee-um too-burr-kyoo-LOW-siss”), a special bacteria that we acquire from other people who have the lung or pulmonary form of the disease. Unlike MAC, TB isn’t found in the environment. We can only acquire TB from other people. In the picture on the left, the purplish lines are TB organisms that have been stained with a special dye to make them stand out under the microscope.

After the TB organism is inhaled, a healthy immune system is able to wall off the bacteria inside a special structure called a granuloma (“gran-yoo-LOW-muh”). Granulomas are like little cocoons that trap the TB bacteria and keep it from causing problems. But if your immune system degrades (like we see with advancing HIV disease), those granuloma cocoons can fall apart – releasing the TB bacteria. This is called ”reactivation disease” and it’s the most common cause of TB-related problems among people with HIV in the United States. We think of TB as causing fevers, often with a cough that may bring up phlegm (sputum) with streaks of blood – but TB can present itself in many ways.

Diagnosis of TB depends on identifying the bacteria from specimens of sputum, but we also look very carefully at x-ray pictures to see if there are patterns of damage consistent with what TB can do. In the picture on the right, TB has caused a cavity to form at the top of the patient’s right lung. (This is a special kind of CT scan called a PET scan. On most x-rays or CT scans, there aren’t areas that are highlighted or ”lit up” like in this picture).

References
https://aidsinfo.nih.gov/guidelines/html/4/adult-and-adolescent-opportunistic-infection/325/mycobacterium-tuberculosis
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What is cryptococcal (“krip-toe-COK-uhl”) meningitis (“meh-nuhn-JAI-tuhs”)? This is an infection caused by a fungus called Cryptococcus neoformans (“krip-toe-COK-uhs nee-yo-FOR-muhns”) that we acquire through inhalation into the lungs. Cryptococcus is found in the environment, especially in soil that has been enriched with bird droppings. The organism has a special way of preventing our immune system from attacking it – a thick, slimy capsule that makes it harder for white blood cells to attack it. In the picture, you can see a cluster of Cryptococcus; the inner circle is the fungus itself, and the “halo” around that inner circle is the slimy capsule.

After the fungus is inhaled, it can make its way out of the lung and get into the bloodstream. From there, it can go anywhere – but most often we see it causing problems in or around the brain, a condition called meningitis. For people with HIV, cryptococcal meningitis must often happens with pretty advanced disease, when the CD4 count has fallen to around 100. Patients with cryptococcal meningitis have fevers, a pounding headache, and sometimes feel confused or disoriented.

Diagnosis of cryptococcal meningitis requires a spinal tap (lumbar puncture) with analyses of the spinal fluid in the lab.

References
https://aidsinfo.nih.gov/guidelines/html/4/adult-and-adolescent-opportunistic-infection/333/cryptococcosis
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What is toxoplasmosis (“tok-soh-PLAZ-moh-suhs”)? This is a brain infection caused by a parasite called Toxoplasma gondii (“tok-soh-PLAZ-muh GON-dee-eye”), or “toxo” for short. People generally acquire the toxo parasite’s eggs one of two ways: contact with cat feces or eating certain undercooked meats. Once we’ve ingested the parasite’s eggs, they hatch, cross into our bloodstream, and then embed themselves in muscle or brain tissue. Once they’ve embedded, they mature a bit, form a protective cyst, and then go dormant. The picture on the left shows a cyst in a mouse’s brain; each of the little purple shapes is an individual toxo organism (called a bradyzoite [“bray-dee-ZOH-ite”]). 

Normally, our immune system is able to keep those cysts under surveillance and eliminate any toxo organisms that ”wake up” from their dormant form. But if the CD4 count falls to 100 or less, our immune systems can’t keep up the necessary surveillance and the cyst may develop into a pocket of active toxo organisms – essentially a brain abscess. This condition is called Toxoplasma encephalitis (“en-sef-uh-LIE-tuhs”) and patients can develop fevers, headaches, confusion, and a variety of serious neurologic symptoms.

Diagnosis almost always includes imaging of the brain showing an abnormality consistent with Toxo – along with a spinal tap (lumbar puncture) and spinal fluid analyses in the lab.

References
https://aidsinfo.nih.gov/guidelines/html/4/adult-and-adolescent-opportunistic-infection/322/toxoplasma-gondii
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What is CMV retinitis (“ret-in-EYE-tuhs”)? CMV stands for cytomegalovirus (“sy-toe-MEG-uh-low-vie-ruhs”), and retinitis is inflammation or infection of the retina – the part of the eye that senses light. CMV is a virus that is acquired from other people through saliva or other body fluids. Most Americans get infected with CMV by the time they’re age 40, although in many cases we don’t realize we’ve been infected. CMV can go to many different areas of the body and can remain dormant or silent for most of our lives. In people with HIV, CMV can reactivate when the CD4 count falls to very low levels – usually less than 50. Manifestations in the eye are the most feared complication of CMV, because they can progress rapidly and lead to blindness. Patients usually have some new abnormality in their field of vision, often sudden onset and initially in only one eye. 

Diagnosis involves having an ophthalmologist (“off-thal-MOLL-oh-jist”) perform a thorough exam of the eye, sometimes including sampling of fluid from the eye itself.

References
https://aidsinfo.nih.gov/guidelines/html/4/adult-and-adolescent-opportunistic-infection/337/cytomegalovirus
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Over time, we’ve seen decreases in the incidence of people with HIV developing opportunistic conditions. These data come from a large study looking at over 60,000 people with HIV in the US and Canada over a decade. PCP, candidiasis, and MAC incidence have decreased over the 10-year period from 2000 to 2010. (Remember incidence is the number of new cases that accumulate over time.)

These downward trends are probably due in large part to people with HIV being diagnosed earlier and getting started on medications before their immune systems are worn down.

References
Buchacz K, Lau B, Jing Y, et al. Incidence of AIDS-Defining Opportunistic Infections in a Multicohort Analysis of HIV-infected Persons in the United States and Canada, 2000-2010. J Infect Dis. 2016 Sep 15;214(6):862-72.  Full text available for free at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4996145/
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TB has also decreased somewhat over time…

References
Buchacz K, Lau B, Jing Y, et al. Incidence of AIDS-Defining Opportunistic Infections in a Multicohort Analysis of HIV-infected Persons in the United States and Canada, 2000-2010. J Infect Dis. 2016 Sep 15;214(6):862-72.  Full text available for free at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4996145/
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…as have cryptococcal meningitis and toxoplasmosis…

References
Buchacz K, Lau B, Jing Y, et al. Incidence of AIDS-Defining Opportunistic Infections in a Multicohort Analysis of HIV-infected Persons in the United States and Canada, 2000-2010. J Infect Dis. 2016 Sep 15;214(6):862-72.  Full text available for free at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4996145/
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… and CMV retinitis is in the same general range as cryptococcal meningitis and toxoplasmosis.

So, in general, we’re seeing fewer cases of these conditions among people with HIV, over time – but they’re not completely gone. For people with HIV who have low CD4 counts, it’s important to keep these conditions in mind and to recognize them if someone has compatible signs and symptoms.�
References
Buchacz K, Lau B, Jing Y, et al. Incidence of AIDS-Defining Opportunistic Infections in a Multicohort Analysis of HIV-infected Persons in the United States and Canada, 2000-2010. J Infect Dis. 2016 Sep 15;214(6):862-72.  Full text available for free at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4996145/
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