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Preface

The rapid pace of change in HIV/AIDS management is an appropriate challenge to the ongoing revolution in medical publishing and information exchange. Sande’s HIV/AIDS Medicine: Medical Management of AIDS 2012 is a thorough revision of its predecessor, Global AIDS Management, published in 2007, now named in perpetual recognition of the pioneering efforts of Merle Sande, MD, one of the first edition’s co-editors and a champion of AIDS care worldwide. The current book similarly addresses HIV management in the resource-rich “North” and that in the resource-constrained “South”. Appreciating the challenge of medical care in both settings and the differing available resources, Sande’s HIV/AIDS Medicine is now being offered in two overlapping but distinct versions. Each has content focused on the regional nature of disease and available resources and on an appropriate format of content, delivery mechanism, and cost.

This version of Sande’s HIV/AIDS Medicine aimed at practitioners in settings with more abundant care resources is published in an ebook format operable across all common devices, and as a soft-bound book that is printed on demand to reduce environmental impact, reduce costs, and facilitate rapid updating. This version will be revised annually, allowing an unprecedented currency needed given the rapid developments in our scientific understanding of HIV pathogenesis and in our treatment options. We are particularly hoping that the ebook format will be widely used to move the very current and practical content of the book as close to the bedside as possible, increasing the impact of the book in improving HIV/AIDS care regardless of the multiple sites in which that care takes place. Electronic publishing combined with frequent revisions and a modest cost should help to ensure continuing wide use of this important textbook and day-to-day application in direct patient care.

While excited at the innovations in publication format, the editors of Sande’s HIV/AIDS Medicine are equally proud of the book’s content. Each editor has worked directly with chapter authors deeply expert in their field and focused on providing an authoritative yet clinically directed and practical review of a wide range of topics. The book begins with the fundamental underpinnings of HIV pathogenesis and epidemiology. It moves on to consider the treatment of HIV infection itself as well as the diagnosis and management of common co-morbidities, including the opportunistic diseases well known to be HIV induced, as well as conditions such as cardiovascular disease arising from the chronic disease that HIV infection has increasingly become in settings where early and continuous antiretroviral therapy is possible.

The editors applaud the vision of our publisher, Elsevier, in embracing this ground-breaking project and our authors in eagerly accepting the task of updating their contributions and adjusting them to the new publication format. We believe this will become the standard way textbooks will be distributed in the future and are excited that, once again, HIV and AIDS will lead the way.


Paul Volberding, Warner Greene, Joep Lange, Joel Gallant, Nelson Sewankambo
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Section 1

Epidemiology and biology of HIV infection





Chapter 1 The global epidemiology of HIV/AIDS


Irum Zaidi, Kevin M. De Cock




Overview of the Global Epidemic

There have been tremendous changes in the global HIV epidemic since the 1990s with declines in incident infections, increased coverage of antiretroviral therapy, stabilization or declines in HIV prevalence, reduction of mother-to-child transmission, and reduction in AIDS-related deaths. Many of these advances resulted from the dramatic increase in HIV program investments in low- and middle-income countries, which grew from US$1.4 billion in 2001 to US$15.9 billion in 2009. These resources have supported HIV treatment for over 6 million people worldwide [1].

Nonetheless, even with the recent stabilization of the global epidemic, HIV/AIDS has had devastating impact on lives worldwide and especially in sub-Saharan Africa. There were an estimated 33.3 million (31.4–35.3 million) people globally living with HIV at the end of 2009, a number that may continue to increase as incident cases continue to accrue and deaths to fall secondary to antiretroviral therapy. A decrease in new HIV infections has occurred, from an estimated 3.1 million (2.9–3.4 million) in 2001 to 2.6 million (2.3–2.8 million) in 2009 [1].

There is genetic, epidemiologic, and behavioral heterogeneity in the global HIV epidemic, with different regions disproportionately impacted by the virus. Generalized spread has occurred in sub-Saharan Africa while HIV/AIDS elsewhere has largely been restricted to key vulnerable populations (men who have sex with men, injecting drug users, and sex workers and their clients) [1].

Phylogenetically, two types of HIV are recognized, HIV-1 and HIV-2; within HIV-1 there are four groups, group M, group N, group O, and group P and within HIV-2, eight groups. HIV-1 group M is the predominant cause of the global epidemic and shows great genetic diversity with nine subtypes (A–D, F–H, J, and K) and at least 48 circulating recombinant forms. HIV-1 groups N, O, and P are rare and essentially restricted to persons from Central Africa. The single most common subtype of HIV-1 is subtype C, which affects nearly 17 million people in southern Africa, parts of East Africa, and Asia [2]. The number of HIV-2 infections globally is small and seems to be decreasing; most are associated with West Africa.




Measurement of Disease

Methods for measuring HIV incidence and prevalence continue to evolve to more accurately measure disease burden [3]. The progression of the disease, late manifestation of symptoms, HIV testing behaviors, and antiretroviral therapy all challenge our ability to use epidemiologic and laboratory methods to measure HIV incidence and prevalence [4, 5].

Surveillance methods have drastically improved within the past decade. In low- and middle-income countries, sentinel surveillance among pregnant women attending antenatal clinics has been the cornerstone of efforts to estimate HIV prevalence in the general population. Pregnant women are by definition sexually active, give insight into prevalence trends in the general population, and are easy to survey since they access health services [6]. The coverage and quality of this surveillance approach has improved to provide more representative data [7].

Countries with generalized HIV epidemics, meaning that HIV transmission is sustained in the general population outside of core groups, have in addition been conducting periodic national household surveys to estimate national HIV prevalence and collect behavioral information related to HIV acquisition and transmission. Arbitrarily, an HIV prevalence greater than 1% has sometimes been assumed to indicate generalized spread, although this assumption is unreliable. Several high-burden countries have now conducted more than one household survey, usually at approximately 5-year intervals, to monitor trends and measure impact of HIV programs. These national surveys are used to adjust prevalence levels from sentinel site surveillance in pregnant women to more accurately reflect those of the general population. Common experience has been that in relation to nationally representative household surveys, sentinel site surveillance based on pregnant women attending antenatal clinics has tended to overestimate HIV prevalence. This realization was key to UNAIDS and the World Health Organization (WHO) lowering global HIV estimates considerably in late 2007 [3].

Countries with low-level or concentrated epidemics conduct biological and behavioral surveys among high-risk populations, which include injection drug users, men who have sex with men, and male and female sex workers. New methods for accessing higher-risk populations that are often hard to reach continue to be validated [8]. Recently, countries with generalized epidemics have also been conducting biological and behavioral surveys among higher-risk populations that are disproportionately affected even in generalized epidemics. An important epidemiologic exercise has been estimating the respective population sizes of these high-risk groups, allowing estimates of their total numbers of HIV infections and contributions to overall HIV infection incidence, which is useful for allocation of resources for prevention of different modes of transmission.

In high-income, industrialized countries such as the United States and countries in Europe, which have concentrated epidemics, individual AIDS case reporting was for a long time the basis for monitoring epidemiologic trends. Because of the long incubation period between HIV infection and disease, AIDS case surveillance reflects patterns of HIV transmission that were prevalent several years earlier. With the advent of antiretroviral therapy the predictable progression to AIDS was interrupted, thus severely limiting the ability of AIDS data to give insight into HIV transmission patterns. As a result, the importance of HIV infection case reporting was considerably enhanced. Today, high-income countries with robust surveillance systems track both HIV and AIDS case reports, but both give incomplete information.

HIV case reports reflect HIV incidence imperfectly because they require HIV-infected persons to be tested and reported. AIDS case rates are affected by previous HIV incidence but also by the effectiveness of HIV diagnosis, access to antiretroviral therapy, and response to treatment. For as complete as possible an understanding of the HIV/AIDS epidemic, in addition to case reporting there is also a need for surveys and special studies. Surveys include behavioral and biologic studies in special groups such as men who have sex with men, and special studies can address diverse issues such as access to and adherence to therapy or the spectrum of disease in people living with HIV.

Case reporting requires use of a standard case definition which is a surveillance tool, and not intended for clinical management of patients. For clinical purposes, staging systems can help assist clinicians define where individual patients lie on the spectrum of HIV-associated immunodeficiency and disease. Different case definitions have been used over time as understanding of HIV/AIDS and surveillance practices evolved, and taking account of local resources for investigation and reporting of cases.

The revised 2006 case definitions and staging system proposed by WHO provide standardized definitions for global use to improve patient management, patient monitoring, and surveillance [9, 10]. Four clinical stages and four immunological stages were established (Table 1.1a and 1.1b), reflecting the known decline in clinical status and CD4 cells with the progression of HIV disease. The surveillance definitions for HIV/AIDS were also revised to include three categories: HIV infection, advanced HIV disease, and AIDS (Table 1.2). Although a standard case definition for primary (acute) HIV infection is not established, identifying and reporting cases of primary infection may be important because these represent very recent infections. Symptomatic primary HIV infection presents one to four weeks after HIV acquisition and may include any of the following symptoms:


• Lymphadenopathy;

• Pharyngitis;

• Maculopapular rash;

• Orogenital or oesophageal ulcers;

• Menigoencephalitis;

• Lymphopenia (including low CD4); and

• Opportunistic infections.



Table 1.1a WHO clinical staging of established HIV infection



	HIV-associated symptoms
	WHO clinical stage



	Asymptomatic
	1



	Mild symptoms
	2



	Advanced symptoms
	3



	Severe symptoms
	4





Table 1.1b WHO immunological classification for established HIV infection

[image: image]


Table 1.2 WHO case definition for HIV infection for reporting for adults and children [1]



	

1. Adults, and children 18 months and older:

Diagnosis of HIV infection is made with:

Positive HIV antibody testing (rapid or laboratory-based EIA). This is usually confirmed by a second HIV antibody test (rapid or laboratory-based EIA) relying on different antigens or on different operating characteristics.

And/or

Positive virological test for HIV or its components (HIV-RNA or HIV-DNA or ultrasensitive HIV p 24 antigen) confirmed by a second virological test obtained from a separate determination.

2. Children younger than 18 months:

Diagnosis of HIV infection is made with:

Positive virological test for HIV or its components (HIV-RNA or HIV-DNA or ultrasensitive HIV p 24 antigen) confirmed by a second virological test obtained from a separate determination taken more than 4 weeks after birth [1].

Positive antibody testing is not recommended for definitive or confirmatory diagnosis of HIV infection in children until 18 months of age.







	WHO criteria for diagnosis of advanced HIV (including AIDS [2]) for reporting for adults and children



	

1. Clinical criteria for diagnosis of advanced HIV in adults and children with documented HIV infection:

Presumptive or definitive diagnosis of any one stage 3 or stage 4 condition.

2. Immunologic criteria for diagnosis of advanced HIV in adults and children ≥ 5 years, with documented HIV infection:

CD4 count less than 350/mm3 in an HIV-infected adult or child.

3. Immunologic criteria for diagnosis of advanced HIV in a child <5 years of age with documented HIV infection:

%CD4 < 30 in those ≤11 months of age;

%CD4 < 25 in those aged 12–35 months; and

%CD4 < 20 in those aged 36–59 months.








Note: AIDS case reporting is no longer required if HIV infection or advanced HIV infection is reported.

1 Where access to virological testing in children less than 18 months is limited, confirmation of HIV infection can be obtained from repeat testing on the same specimen where laboratory quality assurance, including specimen handling is guaranteed.

2 AIDS in adults and children is defined as clinical diagnosis (presumptive or definitive ) of any one stage 4 condition (as defined in annex 1); OR immunological criteria in adults and children ≥ 5 years with documented HIV infection first-ever documented CD4 count less than 200/mm3 or %CD4 <15; or in a child < 5 years with documented HIV infection first-ever documented CD4 of %CD4 < 25 in those infants ≤ 11 months of age; %CD4 < 20 in those aged 12–35 months, or %CD4 < 15 in those aged 35–59 months.

These clinical conditions should not be confused with clinical staging criteria. Primary HIV infection can be diagnosed by recent HIV antibody development or by identifying HIV products (HIV-RNA or HIV-DNA and/or ultrasensitive HIV p24 antigen with a negative HIV antibody test).

Countries with established national HIV case surveillance systems (mostly Western countries) use back-calculation methods or direct calculation to determine HIV prevalence and incidence [4, 11]. Other countries rely on epidemic models based on data from surveillance of key populations to estimate HIV prevalence and incidence and monitor trends [12].




HIV Transmission

HIV is transmitted from person to person through heterosexual and male-to-male sexual intercourse; through exposure to infected blood or blood products; and from mother to child, including through breastfeeding. Surveillance plays an important role in quantifying the proportional contribution of different modes of transmission to the overall epidemic in any country, allowing rational resource allocation for prevention, treatment, and care to different groups.


Sexual transmission

Most HIV infections are transmitted sexually, with heterosexual transmission being the dominant mode of transmission globally. As with all modes of transmission, infectiousness is determined by viral load: the higher the viral load, the more likely that transmission will occur. Other sexually transmitted infections, especially ulcerative conditions including HSV-2 infection, increase viral shedding in genital fluids and transmissibility [13]. Male circumcision is partially protective (approximately 50–60% efficacy) against heterosexual acquisition of HIV [14]. Although there is no definitive evidence that male circumcision protects against male-to-female transmission, indirect benefit to women will ultimately result from reduced HIV prevalence in men. The risk of HIV infection increases with the number of sex partners, and because of their high viral load, persons recently infected may contribute disproportionately to spread [15]. The highest rates of HIV infection are found in persons with the greatest rate of partner change such as sex workers. There is debate about the epidemiologic impact of concurrent versus sequential partnerships, the former suggested as establishing more efficient transmission networks. In the generalized epidemics of southern and eastern Africa, a substantial proportion of heterosexually transmitted infections occur in stable or long-term sero-discordant couples.

High rates of HIV infection are found among men who have sex with men almost everywhere they have been studied. Recognition that male-to-male sex occurs in virtually all countries, including in sub-Saharan Africa, is relatively recent, as is the documentation of high rates of HIV infection in men who have sex with men in societies suffering generalized HIV epidemics [16].




Mother-to-child transmission

HIV can be transmitted from mother to child in utero, around delivery, or after birth during breastfeeding. Prophylaxis or treatment with antiretroviral drugs has drastically reduced the vertical transmission rate, which without intervention ranges from about 15% in non-breastfeeding women to 45% for those breastfeeding up to 24 months [17].

The great majority of HIV-infected women reside in sub-Saharan Africa where the overall HIV prevalence in women aged 15–24 was estimated at 3.4%; in 2009 there were an estimated 370,000 children newly infected with HIV, with the majority of these infections occurring in sub-Saharan Africa.




Injection drug use and exposure to contaminated blood

There are an estimated 15.9 million (11–21 million) injectors worldwide, and injection drug use is an increasing phenomenon globally that is extending into regions where it was previously not seen. Eastern Europe has the highest rates of injection drug use (Fig. 1.1), which is coupled with high rates of HIV among this population. Overall, there are an estimated 3 million HIV-positive drug injectors worldwide with the majority residing in China, Russia, and the United States [18].
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Figure 1.1 Global prevalence of injection drug use.

Reprinted from the Lancet. Mathers BM, Degenhardt L, Phillips B, et al. Global epidemiology of injecting drug use and HIV among people who inject drugs: a systematic review. Lancet 2010; 375:1014–1028. Copyright Elsevier 2010.



Although HIV infection from exposure to contaminated blood and blood products was recognized early on as an important mode of transmission, transfusion safety initiatives have essentially eliminated or very greatly reduced the risk of acquiring HIV infection from contaminated blood. Although the risk of HIV transmission through needlestick injury is well understood (0.003 risk of transmission for uncomplicated needlesticks from an infected source), the relative contribution of such nosocomial events to overall numbers of HIV infections in high-burden settings has been difficult to quantify [19].






Regional review


Sub-Saharan Africa

Although two-thirds of all HIV-infected persons reside in sub-Saharan Africa, this most heavily affected part of the world has seen substantial epidemiologic changes over the past 10 years, with a decrease in new HIV infections and deaths and stabilizing or declining HIV prevalence. Sub-Saharan Africa illustrates better than any other region the social, economic, demographic, and medical impact of HIV/AIDS which accounted for the unprecedented global health response.

Striking heterogeneity characterizes the sub-Saharan African epidemic, with the highest rates of infection in southern African countries, followed by countries in East, West, and Central Africa (Fig. 1.2). Twenty-five percent of all persons living with HIV in sub-Saharan Africa reside in South Africa. Although rates of infection are extremely high in neighboring countries, their small populations mean that absolute numbers of infected persons are limited. Nigeria, which has a much lower HIV prevalence than countries in southern Africa, accounts for 15% of Africans living with HIV, and countries of East Africa for one quarter [1].


[image: image]
Figure 1.2 Global prevalence of HIV, 2009.

From UNAIDS. Global report: UNAIDS report on the global AIDS epidemic 2010. With permission of UNAIDS/ONUSIDA 2010.



Heterosexual transmission accounts for most of the HIV transmission in sub-Saharan Africa and women contribute approximately 60% of all HIV infections. Serial age and sex-specific prevalence shows women are infected at younger ages than men, presumably a reflection of older men with HIV having sex with younger women. A relatively recent recognition is that sub-Saharan Africa also has an epidemic of HIV among men who have sex with men and that many of such men also have sexual relations with women. Most studies have shown higher HIV prevalence among men who have sex with men than among exclusively heterosexual males, in the range of approximately 12–30% [16].

Although approximately 70% of AIDS-related deaths worldwide occur in sub-Saharan Africa, AIDS-related mortality on the continent has declined with scale-up of antitretroviral therapy [1].


South

Countries in southern Africa have the highest rates of HIV in the world with the largest number of people living with HIV in South Africa, an estimated 5.6 million. Lack of male circumcision, high rates of HSV-2, intergenerational sex, and high rates of partner change consequent upon large-scale migration for work all likely contributed to generating and sustaining these severe epidemics. Swaziland has the highest adult HIV prevalence (25.9%) in the world. Botswana and Lesotho also have extremely high prevalence (24.8%, 23.6%), while HIV prevalence in Angola (2%) is very low compared to other countries within the sub-region [1]. The prolonged civil war in Angola seems to have had a protective effect against HIV by limiting travel and interactions with other countries in the region with higher HIV prevalence [20].

Incidence estimates suggest decreasing numbers of new infections since 2001 in almost all countries in southern Africa, with Botswana, Namibia, Swaziland, and Zimbabwe experiencing the greatest relative declines. Additionally, in Malawi, Namibia, Zambia, and Zimbabwe, measurement of sexual behaviors shows declines in the percent of people who had had sex by the age of 15–19 years, who had more than one partner in the past year, and who had more than one partner in the past and did not use condoms [21]. HIV prevalence is higher among young women than young men in most of the countries in the sub-region.




East

The HIV epidemic in East Africa shows sign of slowing and stabilization. Although adult HIV prevalence rates are lower in the sub-region than in southern Africa, ranging from 2.9% in Rwanda to 6.3% in Kenya, the actual number of people living with HIV is high given the large populations in East African countries [1]. Overall there may have been changes in HIV risk behaviors and likely reduced HIV incidence in countries such as Ethiopia, Kenya, and Tanzania, but patterns of change are diverse [21]. In Uganda, for example, there is concern that gains in HIV prevention achieved early on in the epidemic are being reversed [22]. While antenatal HIV prevalence has declined in Kenya in the early part of this century, the trend in antenatal HIV prevalence in Uganda has been upwards [22].




West

West Africa has considerable virologic diversity, with all subtypes and circulating recombinant forms found in this sub-region [2]. Nigeria has the largest HIV epidemic in the sub-region, with an estimated adult prevalence of 3.6% and 3.3 million persons living with HIV. Others countries with higher prevalence are Côte d’Ivoire, Ghana, and Togo, countries that have been closely linked by trade and movement of people. Most countries have either stabilizing or decreasing HIV epidemics, although Sierra Leone (1.1% in 2001 to 1.6% in 2009) and Gambia have shown increasing adult HIV prevalence (0.6 to 2.0% in Gambia).

HIV incidence estimates indicate slowing epidemics in many countries in the sub-region, with Côte d’Ivoire, Guinea-Bissau, and Ghana showing the greatest reduction in incident infections. With the reduction of incidence (and prevalence) in Guinea-Bissau and other countries with HIV-2, the overall prevalence of HIV-2 is also decreasing to less than one million infections worldwide [2]. Data from Côte d’Ivoire also illustrate a reduction in behaviors related to HIV transmission among men and women with decreasing HIV prevalence, including among young women 15–24 years attending antenatal clinics [21]. The lower prevalence of HIV infection in West Africa than in other sub-regions is likely to be due in part to high rates of male circumcision [23].




Central

Cameroon and the Democratic Republic of Congo have the greatest HIV-1 genetic diversity in the world, with nearly all subtypes and CRF in these countries. HIV prevalence in this sub-region is stabilizing, with some countries experiencing a decrease in incident infections. Cameroon has the greatest number of persons infected (610,000), with an overall adult HIV prevalence of 5.3%. The Republic of Congo shows the lowest adult HIV prevalence, 3.4%. Incidence estimates in the region show decreasing new infections in the Central African Republic, Congo, and Gabon [1]. Data from surveillance in antenatal clinics in the Democratic Republic of Congo also illustrate declining prevalence among antenatal clinic attendees from 2004 to 2009 [24].






Europe

There were an estimated 2.2 million people living with HIV in WHO’s European Region whose countries have HIV and AIDS case reporting systems of varying completeness. A total of 53,427 cases of HIV were diagnosed and reported from 49 of the 53 countries in the WHO European Region in 2009 (case surveillance data were not available from Austria, Monaco, Russia, and Turkey). There were a total of 6,568 AIDS cases reported in 2009 (Austria, Sweden, Monaco, Russia, and Turkey did not report) and 1,776 cases diagnosed with AIDS were reported to have died, almost half the AIDS-related deaths reported in 2008 [25]. The three sub-regions within Europe have differing epidemics, with Eastern Europe experiencing increasing HIV incidence related to injection drug use; HIV epidemics in the central and western sub-regions seem to be stable with HIV infection rates remaining similar over the past five years.


West

In 2009, 24,703 cases of HIV infection were newly diagnosed from 21 of 23 countries in the sub-region, a rate of 6.7 per 100,000. Seventy-two percent of cases diagnosed were among males and 10% of cases were in persons 15–24 years old. Nearly half (40%) of the cases diagnosed with HIV in 2009 resulted from heterosexual transmission, many of which were in persons originating from sub-Saharan Africa. The remaining cases diagnosed were among men who have sex with men (37%), among whom rates have consistently increased since 2004, and 4% were among injecting drug users in whom rates have been steadily declining. Less than 1% of cases were the result of perinatal transmission, transfusions, or nosocomial infections. A total of 4,361 AIDS cases were diagnosed in 2009 from 20 of 23 countries in the western sub-region, with an overall AIDS rate of 1.1 per 100,000 [25].




East

In 2009, 27,112 HIV cases were diagnosed and reported from 14 of the 15 countries in the eastern sub-region (Russia did not report, and the reported data therefore represent a serious underestimate of the sub-region’s epidemic). Fewer than half the cases (41%) were among females and 14% among 15–24 year olds. Although 46% of cases diagnosed in 2009 identified heterosexual transmission as the mode of transmission, this may be an underestimate because of unrecognized or unreported sexual transmission from partners who inject drugs, such as in Georgia and Azerbaijan [25].

Overall, heterosexual transmission has increased since 2004 along with the overall rate of new HIV reports in the sub-region (11.3 per 100,000 in 2004 and 18.9 in 2009). Injection drug use accounted for 39% of reported cases while perinatal transmission and transmission among men who have sex with men accounted for less than 3% of the cases; perinatal transmission has doubled in the past two years, and male-to-male transmission has also increased although the reported numbers remain relatively small. In 2009, a total of 1803 AIDS cases were diagnosed from 13 of the 14 countries, with an overall AIDS rate of 1.3 per 100,000. Underreporting from countries in this sub-region is substantial and data presented are an underestimate [25].

Recent results from epidemic modeling suggest that the HIV epidemic in Russia (1% HIV prevalence in 2009) has doubled since 2001, with most infections among drug injectors. HIV prevalence among high-risk populations in Moscow show elevated prevalence among injection drug users (15.6%), men who have sex with men (8.3%), and female sex workers (4.5%) [1]. With an estimated 1.8 million injection drug users in Russia, the HIV epidemic among this population is increasing and an important public health challenge since HIV-infected drug injectors can drive secondary transmission to sex partners and children as a result of mother-to-child transmission [18].




Central

A total of 1,612 cases of HIV were diagnosed in 2009 (all 14 countries reporting); a rate of 1.4 per 100,000. The majority of cases diagnosed were among males (80%) and 19% of the cases were in persons between 15 and 24 years of age. Of the cases reported with risk factor information (63%), one-third identified male-to-male sex as the mode of transmission, which represents a doubling since 2004. Heterosexual transmission remained relatively stable since 2004 (24% of cases) while injection drug use increased 157% since 2004 (8% of cases), though the absolute number of injection drug use cases remain small. A total of 404 AIDS cases were diagnosed in 2009 from 14 of the 15 countries in the central sub-region, with an overall AIDS rate of 0.3 per 100,000.






North America


United States

With an estimated 1.1 million people living with HIV, the United States is the most heavily affected country in the industrialized world [26, 27]. In the 40 states that have stable HIV reporting systems, the rate of HIV diagnoses was 17.4 per 100,000 in 2009 [27]. AIDS reporting from all 50 states shows an AIDS diagnosis rate of 11.2 per 100,000 in 2009. In 2008, the death rate of persons with HIV (the cause of death may or may not have been HIV-related) was 7.0 per 100,000 population, a rate that has been stable since 2006. Deaths in persons reported with AIDS were 5.3 per 100,000, a 7% annual decrease from 2006.

The overall rate of HIV diagnoses seems to have stabilized since 2006 with an estimated 42,000 diagnoses per year. Males account for 76% of HIV diagnoses, with a rate of 32.7 per 100,000, constant since 2006, while the rate of diagnoses among women has slightly decreased to 9.8 per 100,000 in 2009. There has been an increase in HIV diagnoses among younger age groups (15–19 and 20–24 years) as well as in the older age group of 55–59 years. HIV diagnoses among children less than 13 years due to perinatal transmission continued to decrease, with an estimated 131 children diagnosed in 2009, maintaining the precipitous decline in mother-to-child transmission of HIV since the 1990s. Male-to-male sex accounted for over half of the new cases diagnosed in 2009 followed by heterosexual contact (31%) and injection drug use (Table 1.3).

Table 1.3 Diagnoses of HIV Infection among adults and adolescents, 2009—40 states and 5 US dependent areas



	 
	No.
	%



	Transmission category



	Male-to-male sexual category
	24,312
	56.4



	Injection drug use
	4,172
	9.7



	Male-to-male sexual contact and IDU
	1,157
	2.7



	Heterosexual contacta
	13,257
	31.0



	Otherb
	75
	0.2



	Race/ethnicity



	American Indian/Alaska Native
	91
	0.04



	Asian
	293
	1.2



	Black/African American
	10,135
	42.0



	Hispanic/Latinoc
	4,692
	19.4



	Native Hawaiian/Other Pacific Islander
	22
	0.1



	White
	8,613
	35.7



	Multiple races
	287
	1.2




Note: Data include persons with a diagnosis of HIV infection regardless of stage of disease at diagnosis. All displayed data have been statistically adjusted to account for reporting delays and missing risk-factor Information, but not for incomplete reporting.

a Heterosexual contact with a person known to have, or to be at high risk for, HIV infection.

b Includes hemophilia, blood transfusion, perinatal exposure, and risk factor not reported or not identified.

c Hispanics/Latinos can be of any race.

Source: Centers of Disease Control and Prevention. HIV Surveillance Report, 2009; vol 21. http://www.cdc.gov/hiv/topics/surveillance/resources/reports. Published February 2011. Accessed April 9, 2011.

Over half of HIV diagnoses in 2009 were among African Americans, with a rate of 66.6 per 100,000, the highest rate across all racial and ethnic groups. The second most highly affected group by race or ethnicity were Hispanics and Latinos who accounted for 17% of infections with a rate of 22.8 per 100,000. Although whites accounted for 28% of HIV infections, their rate (7.2 per 100,000) was about nine times lower than that in African Americans; the lowest overall rate of reported HIV infections was in Asians (6.4 per 100,000) (Table 1.3). In 2008, 33% of people diagnosed with HIV also received an AIDS diagnosis within one year, indicating HIV is being diagnosed relatively late.




Canada

The HIV epidemic seems to be stable in Canada, with approximately 65,000 people estimated to be living with HIV. The majority of new infections are among men who have sex with men and heterosexuals from HIV endemic countries. The indigenous Aboriginal population is disproportionately affected [28].






Latin America and the Caribbean


Caribbean

There are an estimated 240,000 people living with HIV in the Caribbean region. With an estimated prevalence of HIV infection of 1%, the Caribbean is the second highest burdened region in the world. Overall, more women (53%) are estimated to be living with HIV than men, but this is greatly influenced by the epidemic in Haiti where 61% of infections are among women. The Bahamas has the highest estimated adult HIV prevalence in the region, 3.1%, although there has been a decrease in HIV prevalence among 15- to 24-year-old pregnant women in the past 10 years [1, 21]. Other countries in the region have less than 2% prevalence. Most countries in the Caribbean have concentrated epidemics with elevated HIV prevalence in key populations including sex workers and men who have sex with men [29]. Haiti stands out as an exception, having been affected earliest and demonstrating a predominantly heterosexual epidemic. AIDS-related deaths have decreased in the sub-region since 2001 by 37%, with an estimated 12,000 AIDS-related deaths in 2009 [1].




Central and South America

There are an estimated 1.4 million people living with HIV in Latin America, slightly higher than in 2001, with an estimated adult HIV prevalence of 0.5%. However, there has been a reduction in new infections since 2001, down to 92,000 new infections in 2009. Belize has the highest adult HIV prevalence (2.3%), with most countries having a prevalence below 1%. Over half of HIV-infected persons reside in three countries: Brazil, Argentina, and Columbia. In most of the countries in the sub-region HIV prevalence is slightly higher among young males than young females, with the exception of Belize and Guyana. Similar to the Caribbean and North America, the epidemic is concentrated among high-risk populations.

HIV seroprevalence surveys in capital cities show elevated prevalence specifically among men who have sex with men and female sex workers. Georgetown, Guyana, has the highest HIV prevalence among female sex workers (16.6%), followed by San Salvador (4.1%). Prevalence among men who have sex with men is also higher than in the general population; in recent surveys their prevalence ranged from 20.3% in Santiago, Chile, to 4.2% in Nicaragua [1].

More data are also available on population size estimates for high-risk groups. For example, in El Salvador there are an estimated 12,500 men who have sex with men (3.4% of men) and 7000 female sex workers (1.4% of women)[30]. Triangulating the population size estimates for high-risk groups with their HIV prevalence estimates provides valuable insights into the risks and prevention needs of male and female partners and clients of sex workers.






Asia

Overall an estimated 4.9 million people are living with HIV in the Asia region, for an estimated stable HIV prevalence in adults of 0.4%. HIV incidence in Asia appears to have decreased slightly from 2001 to 360,000 new infections annually, with an estimated 300,000 total AIDS-related deaths in 2009. Overall more men are infected with HIV (66% of all infections) in this region, although HIV infections among women seem to be increasing. Thailand has the highest adult prevalence in the region, estimated at 1.3%, indicating about 520,000 persons living with HIV, lower than the 1.7% prevalence estimated for 2001. India accounts for almost half of all HIV infections in the region, with 2.4 million persons living with HIV, which represents an adult HIV prevalence of 0.3%. HIV infection in the region is primarily concentrated among high-risk groups including injection drug users, sex workers and their clients, and men who have sex with men, although there is great variation regionally in the contribution to the epidemic from specific risk groups [1].


South and Southeast Asia

HIV epidemics in this region of Asia are mainly among injection drug users, female sex workers, and their clients. Although HIV prevalence estimates remain low, the increase in the estimated numbers or persons living with HIV suggests there may be emerging, concentrated epidemics in countries like Bangladesh, Nepal, Pakistan, and the Philippines. Other countries, such as Cambodia, Myanmar, and Thailand exhibit decreasing HIV prevalence. In 2009, Cambodia had an estimated 0.5% adult HIV prevalence (56,000 adults living with HIV), which was lower than the 1.2% adult prevalence in 2001. AIDS-related deaths decreased by almost half in 2009 to 3100 deaths among adults and children. In contrast HIV prevalence has increased in Indonesia where there are now 300,000 adults living with HIV for a prevalence of 0.2%. Although the majority of infections are among high-risk groups, there are geographic differences and in the general population of Tanah Papau the prevalence was 2.4% [31]. Indonesia, like many other countries in the sub-region, has a high HIV prevalence among injection drug users in the capital city (52.4% in 2007), as do Thailand (38.7%, 2009), Myanmar (36.3%, 2008), Cambodia (24.4%, 2007), and Pakistan and Nepal (21%) [1].




East Asia

There are an estimated 770,000 persons living with HIV in the five countries of East Asia, with 96% of the infections in China, which represents an adult HIV prevalence of 0.1%, the highest in the sub-region. Although females only account for 32% of infections the proportion has been increasing since 2001, along with the overall increasing prevalence in China. The rate of new infections seems to be stabilizing, with an estimated 48,000 new infections in 2009. Modes of transmission have been changing over the years, with most recent estimates showing a small increase in the proportion of men who have sex with men infected. Given the vast size of China, there are important geographic variations, with six provinces carrying over 70% of the disease burden (Yunnan, Guangxi, Henan, Sichuan, Xinjiang, and Guangdong) [32]. Estimated AIDS-related deaths were 26,000 in 2009, suggesting a stabilization of mortality in recent years.




Central Asia and Middle East

In 2009 there were an estimated 60,000 people living with HIV in the Central Asia sub-region, with HIV prevalence apparently increasing among certain populations, especially injection drug users [33]. Adult HIV prevalence in 2009 was highest in Kyrgyzstan at 0.3% and lowest in Uzbekistan and Kazakhstan at 0.1%. There are an estimated 247,500 injection drug users in Central Asia, with HIV prevalence ranging from 17.6% in Dushanbe to 2.9% in Astana [18].

The HIV epidemic in the Middle East (including countries in North Africa) remains the lowest burdened in the world, concentrated among certain risk groups, primarily injection drug users and men who have sex with men [34]. Sudan has the highest prevalence in the sub-region, with an estimated 260,000 people living with HIV, which accounts for over half of the estimated 460,000 in the entire sub-region [1].








References


[1] UNAIDS. Global Report: UNAIDS Report on the Global AIDS Epidemic 2010. Published November 2010, 2010. http://www.unaids.org/globalreport/. [accessed 09.04.11]

[2] Tebit D., Arts E. Tracking a century of global expansion and evolution of HIV to understand and to combat disease. Lancet Infect Dis. 2011;11:45-56.

[3] Diaz T., Garcia-Calleja J.M., Ghys P., Sabin K. Advances and future directions in HIV surveillance in low and middle income countries. Curr Opin HIV AIDS. 2009;4:253-259.

[4] Karon J.M., Song R., Brookmeyer R., et al. Estimating HIV incidence in the United States from HIV/AIDS surveillance data and biomarker HIV test results. Stat Med. 2008;300:520-529.

[5] Hallett T. Estimating the HIV incidence rate: recent and future developments. Curr Opin HIV AIDS. 2011;6:102-107.

[6] WHO/UNAIDS. Technical guidelines for conducting HIV sentinel serosurveys among pregnant women and other groups. Geneva: UNAIDS/WHO Working Group on Global HIV/AIDS and STI Surveillance; 2003. Available at http://data.unaids.org/publications/irc-pub06/jc954-anc-serosurveys_guidelines_en.pdf

[7] Garcia-Calleja J.M., Jacobson J., Garg R., Thuy N., et al. Has the quality of serosurveillance in low- and middle-income countries improved since the last HIV estimates round in 2007? Status and trends through 2009. Sex Transm Infect. 2010;86(Suppl. 2):ii.35-ii.42.

[8] Johnston L.G., Malekinejad M., Kendall C., et al. Implementation challenges to using respondent driven sampling methodology for HIV biological and behavioral surveillance: field experience in international settings. AIDS Behav. 2008;12(Suppl. 4):S105-S130.

[9] WHO case definitions of HIV for surveillance and revised clinical staging and immunological classification of HIV-related disease in adults and children

[10] Centers for Disease Control and Prevention. Revised surveillance case definitions for HIV infection among adults, adolescents, and children aged <18 months and for HIV infection and AIDS among children aged 18 months to <13 years—United States, 2008. MMWR. 57(No. RR-10), 2008.

[11] Hall H.I. Estimation of HIV incidence in the United States. JAMA. 2008;300:520-529.

[12] Ghys P., Garnett G. The 2009 HIV and AIDS estimates and projections: methods, tools and analyses. Sex Transm Infect. 86(Suppl. 2), 2010.

[13] Boily M.C., Baggaley R.F., Wang L., et al. Heterosexual risk of HIV-1 infection per sexual act: systematic review and meta-analysis of observational studies. Lancet Infect Dis. 2009;9:118-129.

[14] Gray R.H., Kigozi G., Serwadda D., et al. Male circumcision for HIV prevention in men in Rakai, Uganda: a randomised trial. Lancet. 2007;369:657-666.

[15] Miller W.C., Rosenberg N.E., Rutstein S.E., Powers K.A. Role of acute and early HIV infection in the sexual transmission of HIV. Curr Opin HIV AIDS. 2010;5(4):277-282.

[16] van Griensven F., van Wijngaarden J.W., Baral S., Grulich A.E. The global epidemic of HIV infection among men who have sex with men. Curr Opin HIV AIDS. 2009;4:300-307.

[17] De Cock K.M., Fowler M.G., Mercier E., et al. Prevention of mother-to-child HIV transmission in resource-poor countries: translating research into policy and practice. JAMA. 2000;283:1175-1182.

[18] Mathers B.M., Degenhardt L., Phillips B., et al. Global epidemiology of injecting drug use and HIV among people who inject drugs: a systematic review. Lancet. 2008;372:1733-1745.

[19] Bell D.M. Occupational risk of human immunodeficiency virus infection in healthcare workers: an overview. Curr Opin HIV AIDS. 2011;6(2):102-107.

[20] Strand R.T., Dias F.L., Bergstrom S., Anderson S. Unexpected low prevalence of HIV among fertile women in Luanda, Angola. Does war prevent the spread of HIV. Int J STD AIDS. 2007;18:467-471.

[21] The International Group on Analysis of Trends in HIV Prevalence and Behaviors in Young People in Countries Most Affected by HIV. Trends in HIV prevalence sexual behaviors in young people aged 15-24 years in countries most affected by HIV. Sex Transm Infect. 2010;86:ii.72-ii.83.

[22] Kim A.A., Hallett T., Stover J., et al. Estimating HIV incidence among adults in Kenya and Uganda: a systematic comparison of multiple methods. PLoS One. 2011;6(3):e17535.

[23] Orroth K.K., Freeman E.E., Bakar R., et al. Understanding the differences between contrasting HIV epidemics in east and west Africa: results from a simulation model of the Four Cities Study. Sex Transm Infect. 2007;83:i.5-i.16.

[24] Behets F., Edmonds A., Kitenge F., et al. Heterogeneous and decreasing HIV prevalence among women seeking antenatal care in Kinshasa, Democratic Republic of Congo. Int J Epidemiol. 2010;39:1066-1073.

[25] European Centre for Disease Prevention and Control/WHO Regional Office for Europe. HIV/AIDS surveillance in Europe 2009. Stockholm: European Centre for Disease Prevention and Control; 2010.

[26] Campsmith M., Rhodes P., Hall H.I., Greene T. Undiagnosed HIV prevalence among adults and adolescents in the United States at the end of 2006. J Acquir Immune Defic Syndr. 2010;53:619-624.

[27] Centers of Disease Control and Prevention. HIV Surveillance Report, 2009. vol. 21. Published February 2011. http://www.cdc.gov/hiv/topics/surveillance/resources/reports, 2011. [accessed 09.04.11]

[28] Public Health Agency of Canada. HIV and AIDS in Canada. Surveillance Report to December 31, 2009. Surveillance and Risk Assessment Division, Centre for Communicable Diseases and Infection Control, Public Health Agency of Canada; 2010.

[29] Figueroa P. The HIV epidemic in the Caribbean: meeting the challenges of achieving universal access to prevention, treatment and care. West Indian Med J. 2008;57(3):195.

[30] Paz-Bailey G., Jacobson J.O., Guardado M.E., et al. How many men who have sex with men and female sex workers live in El Salvador? Using respondent-driven sampling and capture-recapture to estimate population sizes. Sex Transm Infect. 2011. doi:10.1136/sti.2010.045633

[31] Yeane Irmanigrum S., Siahaan T., Ruslam P., et al. Risk Behavior and HIV Prevalence in Tanah Papua 2006: Results of the IBBS 2006 in Tanah Papua. BNPP Publication; 2006.

[32] Ministry of Health, People’s Republic of China, Joint United Nations Programme on HIV/AIDS, World Health Organization. Estimates for the HIV/AIDS epidemic in China. Published May 31, 2010 http://www.unaids.org.cn/download/2009%20China%20Estimation%20Report-En.pdf, 2010. Available at:

[33] Thorne C., Ferencic N., Malyuta R., et al. Central Asia: hotspot in the worldwide epidemic. Lancet Infect Dis. 2010;10:479-488.

[34] Abu-Raddad L.J., Hilmi N., Mumtaz G., et al. Epidemiology of HIV infection in the Middle East and North Africa. AIDS. 2010;24(Suppl. 2):S5-23.









Chapter 2 The origins and diversification of HIV


Michael Worobey, Guan-Zhu Han




Introduction

Human immunodeficiency virus (HIV) is not one but several related viruses that have crossed into the human population on multiple occasions from non-human primate reservoir species in Africa. Only one such lineage, the “main” group of HIV type 1 (HIV-1 group M), has reached pandemic proportions; it accounts for more than 99% of the more than 40 million HIV infections and has a global distribution. The other HIVs, though relatively minor, hold important clues about the nature of the origins and diversification of this important group. This chapter will begin with a broad scope, surveying the primate lentivirus radiation and placing the various HIV groups within it. It will then focus specifically on the genesis of HIV-1 group M, summarizing when, where, and how this most important HIV variant originated, diversified, and spread around the world. An important goal of this chapter will be to bring into sharp relief the biological meaning and medical relevance of the various levels of HIV genetic diversity commonly recognized (“types,” “groups,” “subtypes,” and so on). Understanding what such classifications do and do not represent is critical to any rational approach to exploiting knowledge about viral evolution in order to combat HIV/AIDS.




The Deep Roots of HIV

Phylogenetic trees, reconstructed using the remarkably rich historical information stamped into the genomes of these viruses, have emerged as the pre-eminent tools for reconstructing the history of HIV and simian immunodeficiency virus (SIV). The genealogical patterns that emerge from phylogenies provide not only an invaluable historical record but also a window through which we can glimpse the medically relevant evolutionary and epidemiological processes that generated the patterns. Gene trees also offer a framework for systematizing the extensive genetic diversity of HIV and related viruses into a coherent classification scheme. With any organism’s classification, however, there is a danger of becoming fixated on pattern rather than process, and HIV is no exception. Some of the potential pitfalls of doing so are discussed below.

AIDS was first recognized in the USA in the early 1980s [1], and the discovery of HIV followed soon after [2]. It is now clear, however, that HIV emerged decades earlier, from naturally infected primates on another continent [3]. Figure 2.1 illustrates the relationships between the different variants of HIV and related viruses that have been discovered in a large number of African monkeys and apes. To date, over 40 species of non-human primates have shown evidence of infection by SIV [4], every one of which is restricted in range to sub-Saharan Africa. Since the primate lentiviruses form a single, distinct clade on the mammalian lentivirus phylogeny, and given that no primates outside of Africa appear to be infected, SIV evidently had its origin in an African monkey at some point sufficiently deep in time to account for its spread throughout most of the continent, and into most of the (catarrhine) primate species there.


[image: image]
Figure 2.1 Maximum likelihood phylogenetic tree of SIV and HIV partial pol protein sequences.

The sequences were downloaded from the Los Alamos National Laboratories HIV database (http://www.hiv.lanl.gov). The phylogenetic tree was reconstructed under the Jones-Taylor-Thornton (JTT) model of amino acid substitution with gamma distributed with invariant sites. SIVcpz strains recovered from Pan troglodytes troglodytes (P.t.t.) and SIVgor strains from Gorilla gorilla are lightly shaded, while those from P. t. schweinfurthii (P.t.s.) are darkly shaded. The SIV strains isolated from Bioko island are lightly shaded. The abbreviations and species names are as follows: SIVdrl, drill; SIVmnd-1 and SIVmnd-2, mandrill; SIVrcm, red-capped mangabey; SIVsab, green monkey; SIVgrv, grivet; SIVtan, tantalus monkey; SIVver, vervet monkey; SIVmus-1 and SIVmus-2, mustached guenon; SIVgsn, greater spot-nosed monkey; SIVmon, mona monkey; SIVreg, red-eared guenon; SIVtal, talapoin; SIVsyk, Sykes’s monkey; SIVdeb, De Brazza’s monkey; SIVden, Dent’s mona; SIVbcm, black colobus monkey; SIVcol, colobus monkey; SIVolc, olive colobus; SIVwrc, western red colobus; SIVlst, L’Hoest’s monkey; SIVsun, sun-tailed monkey; SIVprg, Preuss’s guenon; SIVsmm, sooty mangabey; SIVcpz, common chimpanzee; SIVgor, gorrilla.


Unlike HIV, natural SIV infections generally cause little illness in their hosts and most are thought to be non-pathogenic. The low pathogenicity has been well documented in African green monkeys and sooty mangabeys. However, a recent breakthrough demonstrated that wild chimpanzees naturally infected with SIV do develop hallmarks of AIDS-like illness; SIV infection, as with HIV-1 and HIV-2 infection, is associated with progressive CD4 cell loss, lymphatic tissue destruction, and premature death [5]. Pan troglodytes schweinfurthii infected with SIV in Gombe National Park in Tanzania have a markedly higher death rate than non-infected animals [5].

The precise nature of the time scale of SIV evolution is still open to question. Initially, comparisons of primate and virus phylogenies led to suggestions that some SIVs have co-diverged with their primate hosts, as the animals split into new species from their common ancestors. However, the pattern of closely related hosts having closely related viruses might be explained not by co-divergence but by cross-species transmission events occurring preferentially between closely related hosts [6]. For example, detailed phylogenetic analysis shows that recent cross-species transmission events, instead of ancient co-divergence, likely underlie the fact that three closely related hominoid primates (human, chimpanzees, and gorillas) harbor closely related lentiviruses [7]. Studies of genes involved in innate immunity, such as APOBEC3G [8], suggest just the sort of mechanism that could generate such a pattern of correspondence even if the viruses and their hosts did not co-diverge.

Hence, even at this advanced stage of the investigation of one of the most medically important pathogens, until recently there has been little agreement on whether its progenitors have been circulating in African primates for millions or just thousands of years. A recent study, however, revealed evidence for several SIV lineages endemic to Bioko Island, Equatorial Guinea. This island was isolated from Africa as sea level rose 10,000 to 12,000 years ago. Notably, each of Bioko’s four SIV lineages is most closely related to a virus circulating in hosts of the same genus on the African mainland rather than to the SIVs of other Bioko species (Fig. 2.1). This phylogeographic approach established that SIV is ancient—at least 32,000 years old [9].

The discovery of an endogenous lentivirus in the genome of the gray mouse lemur (Microcebus murinus) also suggests a time scale of millions of years for primate lentiviruses [10]. On the other hand, molecular clock methods calibrated by using modern sequences make it hard to conceive of dates older than a few thousand years for the SIV MRCA [11, 12]. Extrapolations from the rapid short-term evolutionary rates observed in lentiviruses [13] suggest that, for SIV lineages that diverged more than even a few thousand years ago, the molecular evidence of shared ancestry ought to have become overwritten by a succession of nucleotide substitutions. Clearly, more work is still needed to resolve this conundrum, including developing new models of sequence evolution that incorporate the idiosyncrasies of RNA virus evolution. Nevertheless, it is now very clear that SIV is no newcomer; these viruses have almost certainly been circulating for tens of thousands of years at least, raising the obvious question: what changed within the past hundred years that allowed multiple SIV lineages to successfully establish themselves in the human population?




HIV/SIV Nomenclature

Of the dozens of species with naturally occurring SIV, just three, the common chimpanzee (Pan troglodytes), the gorilla (Gorilla gorilla), and the sooty mangabey (Cercocebus atys), are the putative reservoirs of HIV. HIV type 1 (HIV-1) is the designation given to forms of the human virus linked to SIV from P. troglodytes (SIVcpz) and G. gorilla (SIVgor), while HIV type 2 (HIV-2) denotes human viruses related to the sooty mangabey virus (SIVsmm). Inspection of the SIV/HIV phylogenetic tree shows that, within both SIVcpz/SIVgor and SIVsmm, more than one cross-species transmission event has occurred (Fig. 2.1). The key observation here is that HIV lineages intermingle on the tree with SIV lineages. HIV-1 groups N and M are both more closely related to some of the SIVcpz viruses on the tree than they are to HIV-1 group O, whose lineage branched off the main trunk at an earlier point. In other words, HIV-1 group M shared a most recent common ancestor with a chimpanzee virus, not with HIV-1 group O. HIV-1 groups P and O are most closely related to SIVgor [7, 14]. Likewise, HIV-2 group E is the “sister” group to one SIVsmm strain, and HIV-2 group A is the sister group of another. If there had been only a single transmission from each reservoir species to humans, we would expect the human viruses to fall into single clusters (or monophyletic clades, in the jargon of phylogenetics)—one for HIV-1 and one for HIV-2. This is not the case.

Recombination, whereby genes from separate strains are combined into a new, chimeric viral genome within a dually infected host, complicates these phylogenetic inferences somewhat. For example, HIV-1 group N (or its SIV precursor), though closely related to HIV-1 group M in the pol region (Fig. 2.1), apparently arose from a recombination event [15]: some of its genome is much more distantly related to group M [16]. Such complications aside, the HIV lineages
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HIV/AIDS: Collateral Damage from Unsafe Medical Practices?







The Meaning of Genetic Diversity within HIV-1 Group M
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