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      It is estimated that about 35 million people worldwide are currently living with HIV/AIDS and, fortunately, the number of AIDS deaths and new infections is also declining. The introduction of antiretroviral therapy for effective control and prevention has had a great role to play in reducing this infection. Further, age of HIV-infected patients have been markedly increased so that the issues related to “HIV and aging” are discussed in more details by many textbooks and articles. However, fundamental challenges still remain such as HIV stigma and discrimination, adherence to antiretroviral therapy, access to high-risk groups including homosexuals and vulnerable women, types of intervention and their effectiveness on high risk groups, as well as achieving commitment to agreed goals by countries.




      A textbook may be required to address new developments on the HIV/AIDS from different aspects. The present book can be regarded as a useful resource on HIV for researchers, clinicians, and others dealing with HIV. It provides a review of hot topics in HIV/AIDS compiled by Iranian and foreign experts. Indeed, edited by Dr. SeyedAlinaghi, the book covers important basic, epidemiological and clinical research aspects and presents updated information to readers. It also refers to a number of new issues which have not been extensively studied.




      We truly appreciate all the authors who help the editor by writing the book chapters, and hope to provide valuable information to readers and receive positive feedback for our work.
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      The present book focus on hot topics in HIV/AIDS research and every chapter was prepared by experts in the field.




      Despite a global decline in the number of new HIV infection, in some areas including the Middle East the incidence rate of HIV infection is increasing. Consequently, effective prevention strategies as well as increased access to antiretroviral therapy (ART) are needed. In fact, control efforts for HIV infection requires to achieve a 50 percent reduction of HIV transmission among people who are infected through injection drug use or sexual intercourse, and elimination of mother-to-child transmission by way of providing antiretroviral treatment to pregnant HIV-positive women with a coverage target of 90% by 2015. On the other hand, one of the main objectives of international organizations is to increase the access to ART both as a life saving medication for people living with HIV and as an effective practice to prevent the infection. Fortunately, the infection with HIV is not considered a fatal disease anymore and it turned into a chronic disease and HIV infected people may enjoy near-normal life expectancy and reach old age.




      Unfortunately, HIV-related stigma and discrimination is still significant in most areas of the world. However, the integration of HIV services with Primary Health Care (PHC) has proved to be an effective measure put in place by some nations. Further, reforming current laws and regulations and the development of new anti-discrimination legislation seem to be important for effective preventive and treatment activities.




      The current book does not cover all aspects of HIV/AIDS. But, it presents a brief account of major issues and developments dealing with basic, epidemiology and clinical research for medical and scientific applications in this field.




      The editor appreciates the effort and patience of all authors who participated in the writing of the chapters.
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      Abstract




      HIV has probably originated from multiple zoonotic transmissions of Simian Immunodeficiency Virus (SIV) from non-human primates to humans in West and Central Africa. There are two HIV types: HIV type 1 (HIV-1) groups M, N, O and P and HIV type 2 (HIV-2) groups A–H. Within the HIV-1 group M, nine subtypes are found, designated by the letters A–D, F–H, J, and K. Within a subtype, changes in the amino acid sequence is observed in the range of 8-17%, but it can be as high as 30%, while differences between subtypes are generally found in the range of 17-35%.




      In fact, when new combinations between different HIV-1 subtypes occurs, it results in different Unique Recombinant Forms (URFs), some developed into Circulating Recombinant Forms (CRFs) as propagated in three or more epidemiologically unlinked individuals. The viruses fueling these epidemics vary according to geographical regions, with clade C virus being the most prevalent worldwide, and clade B being currently the most prevalent in the United States and Europe.




      Thirty years after the first description of AIDS, an estimated 35.0 million [33.2 million–37.2 million] people were living with HIV at the end of 2013. 2.1 million [1.9–2.4 million] had become newly contaminated with HIV in 2013, including 240000 children, and 1.5 million [1.4–1.7 million] HIV-infected persons died.
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      1. Introduction




      HIV has probably stemmed from multiple zoonotic transmissions of Simian Immunodeficiency Virus (SIV) from non-human primates to humans in West and Central Africa. Cross-species transmission appeared in the process of butchering and hunting of primates for capture and the bush meat, trade and custody of monkeys as pets [1]. More than 40 different non-human primate species harbor SIV infections, with each specie carrying a specie-specific virus [2, 3].


    




    

      2. HIV Genetic Diversity




      Several factors supply to the extraordinary high genetic heterogeneity of HIV-1: (a) error-prone viral DNA synthesis during reverse transcription, (b) high recombination frequencies accompanying reverse transcription, (c) the high levels of progeny virus production in vivo, and (d) large numbers of infected individuals [4, 5]. It has been estimated that within an HlV-1-infected person, viral genetic diversity increases by 1% every year from the founder viral strain during the early symptomatic phase of the infection [6].




      There are various HIV types: HIV type 1 (HIV-1) groups M, N, O and P and HIV type 2 (HIV-2) groups A–H. The range of the epidemic caused by each group varies considerably. HIV-1 group M is liable for the global HIV pandemic (approximately 33 million contaminated individuals), group N has been found in a handful of people in Cameroon; while group O causes a few tens of thousands of infections in West–Central Africa and group P was recently identified in two individuals originating from Cameroon [7, 8]. HIV-1 groups M and N might have stem directly, but independently, from SIVcpz observed in the chimpanzee pan troglodytes in West–Central Africa [9, 10]. Conceivably, more HIV types in humans will be found in the future, as all HIV types may not yet have been discovered and new cross-species transmissions may happen in the future. In the HIV epidemics, the sequences of the different HIV-1 groups have further diversified in the populations, which have enhanced further classifications [3]. In the HIV-1 group M, nine subtypes are detected, selected by the letters A–D, F–H, J, and K [11]. Within a subtype, variations at the amino acid level is in the range of 8–17%, but can be as high as 30%, while variations between subtypes are usually between 17-35% [3].




      According to analyses on several genome regions and particularly full length genome sequencing, recombination is a substitution event between viral strains. Intra-subtype recombination was observed to be very general within group M subtype C [12]. In fact, recombination between different HIV-1 subtypes has developed different many Unique Recombinant Forms (URFs), several developed into Circulating Recombinant Forms (CRFs) as propagated in three or more epidemiologically unlinked individuals. To date, 68 different CRFs have been found [11]. Recombination of some CRFs with other subtypes or CRFs results in the so-called Second-Generation Recombinants (SGRs) [3].




      Group O sequence shows a high diversity, leading to a classification of sequences into clades I–V and they are as genetically far-away from each other as group M subtypes. On the other hand, lower subtype-like signal in group O was obtained versus to group M because group O has not spread too a lot past its origin in West–Central Africa [13-15]. All group N viruses found in humans are narrowly associated, as the only two group P sequences reported [8].


    




    

      3. Global Distribution




      In agreement with our increasing knowledge about the mechanisms of HIV transmission, this infection has decreased markedly over the past decade. The viruses fueling these epidemics vary according to geographical regions, with clade C virus being the most prevalent worldwide, and clade B being currently the most prevalent in the United States and Europe (Table 1).




      

        Table 1 Distribution of all HIV-1 sequences that have been included in the Los Alamos database [16].




        

          

            

              	Subtype



              	Number



              	Percentage

            


          



          

            

              	01_AE



              	28453



              	5.3%

            




            

              	02_AG



              	14826



              	2.8%

            




            

              	A



              	39389



              	7.4%

            




            

              	B



              	303348



              	56.8%

            




            

              	C



              	84723



              	15.9%

            




            

              	D



              	19681



              	3.7%

            




            

              	F



              	4867



              	0.9%

            




            

              	G



              	5955



              	1.1%

            




            

              	other



              	32881



              	6.2%

            




            

              	total



              	534123



              	100.0%

            


          

        




      


    




    

      4. The Impact of HIV Diversity




      

        4.1. The Impact of HIV Diversity on Pathogenesis




        The importance of the HIV biological mutability in vivo has been studied by many natural history researches. The pathogenesis of the two key types of HIV demonstrate significant differences, with HIV-2 being both less transmissible and less pathogenic than HIV-1 [17, 18]. The role HIV-1 biological mutability plays in pathogenesis has been studied often in the cases of HIV infection with subtype B viruses in the developed world. As found, syncytia-inducing (SI) and rapid/high biological phenotypes are typically related with late stages of immunodeficiency, while viruses without such feature are more commonly involved in with asymptomatic individuals or patients with mild symptoms [19].


      




      

        4.2. The Impact of HIV Diversity on Disease Progression and Transmission




        Coming into the role of HIV subtypes in disease progression as well as in transmission and viral load has been reported by cohort research carried out in areas with different subtypes co-circulate, especially Eastern Africa. Independent studies in Tanzania, Kenya and Uganda all indicate that subtype D disease is related with sooner disease progression compared to subtype A among populations where these subtypes co-circulate. The lowered survival rate was related with decreased counts of CD4 in subtype D infection versus to subtype A in some studies [20, 21]. In a European research, subtype D was further found to have a four-fold higher rate of CD4 count refuse, in the absence of anti-retroviral therapy, compared to other subtypes (A, B, C and CRF02_AG), even when adjusted for baseline CD4 count [22]. In terms of transmissibility, a study from Uganda showed that subtype A shows a higher rate of heterosexual transmission compared to subtype D [22]. The studies from Kenya and Uganda revealed a significant decline in the amount of subtype D versus subtype A over a certain time period [22]. Such variations in the amounts of subtypes A and D are compatible with both the sooner disease progression and the lower rate of heterosexual transmission of subtype D compared to subtype A [22].


      




      

        4.3. The Impact of HIV Diversity on Response to HAART and Drug Resistance




        A wide range of research directed in Asian and African countries with a variety of different drug regimens in a range of settings have found similar susceptibility of different group M subtypes for currently used anti-retroviral drugs, which were originally developed based on subtype B. A big universal collaboration indicated that all of the 55 known subtype B drug-resistance mutations was seen in at least one non-B subtype. Moreover, of the 67 resistance mutations found in at least one non-B subtype, only 61 were found in subtype B isolates, meaning that numerous novel mutations take place in non-B subtypes [3, 23]. For some resistance-associated mutations, the resistance pathway is shorter in several non-B subtypes compared to subtype B [3, 23]. The decision-making about the selection of second-line regimens are affected by such variations in resistance pathways.


      




      

        4.4. HIV Diversity and HIV Vaccines




        A preventive vaccination will be the ideal intervention to control the HIV pandemic, because it is considered a safe, simple, highly effective and affordable intervention. However, HIV diversity is recognized, in individuals and in populations, as one of the key challenges in the development of a worldwide effective HIV vaccine. Rapid evolution and generation of escape mutants by the infecting HIV strain is an enormous challenge for the immune system to overcome, even after priming by vaccination [15].


      


    




    

      5. The Global Epidemic at a Glance




      HIV-1 stay a global health problem of unpreceding dimensions. Since the begin of the epidemic, approximately 78 million [71 million–87 million] people have become infected with HIV and 39 million [35 million–43 million] people have died of AIDS-related illnesses [24].




      Thirty years after the first explanation of AIDS, an estimated 35.0 million [33.2 million–37.2 million] people were living with HIV at the end of 2013. 2.1 million [1.9–2.4 million] had become newly infected with HIV in 2013, including 240000 children, and 1.5 million [1.4–1.7 million] HIV-infected persons died. Of the 35 million people, more than two-thirds are living with HIV in sub-Saharan Africa. In Asia and the Pacific, about 4.8 million people are living with HIV. About 0.8% of adults aged 15-49 years are estimated to live with HIV around the world, although the prevalence varies remarkably from country to country and regions [24, 25].
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      Abstract




      The risk of HIV transmission varies widely by the type of exposure. Anal intercourse for both receptive and insertive partners has a higher risk versus vaginal intercourse, and vaginal intercourse is a higher risk act compared to oral intercourse. Also, receptive intercourse (both vaginal and anal) has an increased risk compared to insertive intercourse. Generally, the risk of HIV transmission for receptive anal intercourse, receptive vaginal intercourse and receptive oral intercourse is 0.5%, 0.1% and 0.01% per act, respectively. However, the risk varies widely depending on differences in factors such as co-occurrence with other sexually transmitted infections (STIs), level of viral load, stage of disease, and circumcision. Plasma viral load is considered as the strongest determinant of sexual transmission of HIV.




      Higher rates of infection with HIV are exhibited among injection drug users mainly because of unsafe injecting behavior. The risk of HIV transmission per each drug injection is 0.67%.




      Vertical transmission may occur during pregnancy by micro-transfusion of blood across the placenta; or during labor and delivery by the exposure of neonate with maternal blood and genital tract secretions, and after the birth through breastfeeding. It is estimated that 24-45% of HIV infected mothers transmit the virus to their offspring if there is no intervention. Maternal plasma viral load, co-infection with STIs, chorioamnionitis, concurrent HCV infection or active tuberculosis, and vaginal versus caesarean delivery are associated with the increased risk of vertical transmission. Contributing factors to mother to child transmission include breastfeeding pattern and duration, health status of maternal breast, and high plasma or breast milk viral load.
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      1. Introduction




      The HIV transmission risk varies widely by the type of exposure. Worldwide, the most common route of HIV transmission is sexual followed by drug injection and mother to child transmission [1]. The possibility of HIV acquisition varies for each type of exposure. Table 1 lists the risk of transmission for different exposures.




      Some parameters may increase or decrease the risk of transmission. For example, receiving antiretroviral treatment can reduce the risk of HIV transmission from People Living with HIV (PLWH) to another by as much as 96% [2]. The use of condoms lowers the risk of HIV acquisition or transmission by about 80% [3]. On the other hand, concurrent Sexually Transmitted Infection (STIs) or a high viral load (usually in early and late-stage infection) can enhance the risk of HIV transmission. In the following sections, each three main route of transmission is discussed in more details.




      

        Table 1 Estimated transmission risk of HIV per-act of different exposure type* [4].




        

          

            

              	Exposure route



              	Risk per 10,000


              exposures


              to an infected source

            


          



          

            

              	Blood transfusion



              	9,000

            




            

              	Needle-sharing injection-drug use



              	67

            




            

              	Receptive anal intercourse



              	50

            




            

              	Percutaneous needle stick



              	30

            




            

              	Receptive penile-vaginal intercourse



              	10

            




            

              	Insertive anal intercourse



              	6.5

            




            

              	Insertive penile-vaginal intercourse



              	5

            




            

              	Receptive oral intercourse



              	1

            




            

              	Insertive oral intercourse



              	0.5

            


          

        




        




      




      Recently reported study indicate that estimates for both receptive and insertive anal intercourse are greater than those reported in Table 1 (increased 1.8 and 0.7-fold, respectively); however, the former estimates fall within the updated CIs for these exposures. In this study, the projected per-act HIV transmission risk (all expressed as per 10000 exposures) took the highest value for blood transfusion 9250 (95% CI 8900–9610), followed by mother-to-child transmission 2255 (95% CI 1000–2990), receptive anal intercourse 138 (95% CI 102–186), needle-sharing injection drug use 63 (95% CI 41–92), and percutaneous needle stick injuries 23 (95% CI 0–46). Risk for other sexual exposures were 4 (95% CI 1–14) for insertive penile–vaginal intercourse, 8 (95% CI 6–11) for receptive penile–vaginal intercourse, and 11 (95% CI 4–28) for insertive anal intercourse. The risk of transmission for receptive and insertive oral sex is pretty low (95% CI 0-4) [5].


    




    

      2. Sexual Transmission of HIV




      In most countries, HIV epidemic is driven sexually [1]. To HIV transmission risk quantification by each type of sex remains challenging. Ideal estimations would be result from prospective studies in serodiscordant partners for whom all sex acts and their context were recorded. But estimates often derived on longitudinal or cross-sectional research with population-based HIV prevalence estimates. Recall bias can happen in these retrospective studies. For more suitable estimations, important variables are often ignored, such as the HIV status of all sexual partners. Furthermore, people do not often engaged in only one type of sex to abstain from other types of sexual contact with a partner [5]. So concerning these restrictions, the estimates should be understood carefully [5].




      Nevertheless, all studies have consistently presented that anal intercourse is a higher risk act versus to vaginal intercourse, which is a higher risk compared to oral intercourse. On the other hand the associated risk with receptive intercourse (both vaginal and anal) is higher compared to insertive intercourse [6, 7]. It should be noted that these estimations mainly derived from studies implemented before the availability of active antiretroviral therapy (ART) [7]. So these studies estimate the risk of HIV transmission from an untreated PLWH with unsuppressed average viral load [8].




      

        2.1. Anal Intercourse




        Anal intercourse has a greater risk of HIV transmission for both receptive and insertive intercourse compared to vaginal intercourse. Indeed, the risk of HIV transmission is 5-18 times greater for receptive anal intercourse compared to receptive vaginal intercourse [9]. This is because of nature of rectal mucosa compared with vaginal mucosa. The higher concentration of lymphoid follicles in rectal mucosa and its more vulnerability to abrasions than vaginal mucosa may contribute to this increased transmissibility [10].




        The results of cohort studies and meta-analyses suggest estimated risk of transmission from receptive anal intercourse from 0.5%-3.38% per-act [6]. Most of these estimates derived from studies among Men who have Sex with Men (MSM). Nevertheless, the risk involved in anal intercourse seems to be similar in heterosexual populations [6]. Risk estimations for insertive anal intercourse range between 0.06% and 0.16% per-act [8].


      




      

        2.2. Vaginal Intercourse




        The risk of HIV transmission from receptive vaginal intercourse has been estimated from 0.08% to 0.19% [8]. The risk estimates for insertive vaginal intercourse is somewhat lower, ranging from 0.05% to 0.1% [8].




        Many studies have evaluated sexual transmission risks among heterosexual populations, without typifying the nature of the sex acts (i.e., vaginal versus anal intercourse). Though, the majority of the sex acts were expected to be penile-vaginal. In two meta-analyses and a recent analysis of a large cohort study, the risk of sexual transmission among heterosexuals was reported as 1-2 cases per 1000 sex acts (or roughly 0.1%) [8, 11].




        Rates for male-to-female sexual transmission is higher than those for female-to- male sexual transmission and it may be due to biological mechanisms, including larger anatomical surface and /or higher numbers of susceptible cell types in the vagina compared to the penis mucosa [12]. However, it is not clear whether serodiscordant women are at higher risk than men [12]. But this association may vary in high-income countries versus low-income ones. Female-to-male transmission estimates were about half the male-to-female transmission estimates, while in low-income countries the estimates for female-to-male and male-to- female were comparable [13].


      




      

        2.3. Oral Intercourse




        It is difficult to estimate the risk of HIV transmission through oral intercourse because many people do not engage in oral sex to the exclusion of other sex acts. Clearly, there is a considerably lower risk of transmission by oral intercourse (whether penile-oral or vaginal-oral) compared to anal or vaginal intercourse (see Table 1). The oral cavity has a thick epithelial layer, a low number of CD4 target cells, and antiviral antibodies, all of them make it fairly resistant to HIV transmission [14]. However, if oral sex occurs with high frequency which is frequently unprotected, this action may lead to HIV transmission [15].


      


    




    

      3. Factors Affecting Sexual Transmissibility of HIV




      As mentioned before, the risk estimates of HIV transmission following sexual exposure differ extensively [5, 8, 12], probably as a result of varied extent of biological co-factors such as co-infection with other sexually transmitted infections, viral load and stage of disease, and circumcision in study populations [13].




      Wide range of studies underlined the role STIs in increasing the infectiousness of HIV-positive individuals and the susceptibility of HIV-negative individuals. Although, there is a multifaceted association between STIs and HIV, and the evidence is relatively inconsistent or difficult to interpret because of the existence of confounders. Various meta-analyses and systematic reviews have tried to evaluate these issues through investigations of only those studies using a temporal relationship, objective methods of detecting STIs, and accounting potential confounders (e.g., sexual behavior). Regarding these reviews, STIs was found to increase predisposition to HIV by a factor of 2 to 4. This effect has been found for both men and women, specifically for herpes simplex virus type 2, syphilis, Gonorrhoea, Clamydia, Trichomonas, and exposure categorized as “any STI,” “genital ulcer disease” and “non-ulcerative STIs” [16]. A study of 4295 MSM with a median follow-up of three years found an increased risk of HIV acquisition in association with HSV-2 infection [17]. HIV acquisition was accompanied with recent incident (Hazard Ratio HR 3.6, 95% Confidence Interval CI 1.7-7.8), remote incident (HR 1.7, 95% CI 0.8-3.3), and prevalent HSV-2 infection (HR 1.5, 95% CI 1.1-2.1) compared to HSV-2 seronegative individuals. A cross-sectional surveillance survey consisting of 3280 MSM in Peru revealed a robust association between HSV-2 seropositivity and HIV infection [18]. However, equivocal results were obtained from Randomized Controlled Trials (RCTs) evaluating the effect of STI treatment on HIV transmission risk [19, 20].




      Plasma viral load is the strongest determinant of sexual transmission of HIV [21]. As research confirmed, there is a dose-response association where each 10-fold increase in plasma viral load increased relative risk of transmission of 2.5 to 2.9 per sexual contact [22].




      Antiretroviral therapy considerably affects transmissibility of HIV infection. Reduction of infectious HIV-1 in blood and genital secretions through provision of ART is highly effective in reducing the risk HIV transmission [23]. The outcome of successful implementation of ART on reduced probability of HIV transmission was demonstrated by observational researches [24, 25]. There were no HIV transmission events in couples treated with Highly Active Antiretroviral Therapy (HAART) with a plasma viral load of less than 400 copies/ml [24]. In 11 of 13 such studies no HIV transmission observed when the infected partner was receiving ART [23]. Cases accompanied with transmission events despite ART, the HIV-infected partners were probable not consistently adherent to ART [23].




      Regular administration of oral emtricitabine/ tenofovir disoproxil fumarate as pre exposure prophylaxis declines HIV-1 transmission rate among MSM [26]. This therapy was also effective among serodiscordant heterosexual couples [27], and heterosexual adults [28]. Daily oral tenofovir alone was also effective for pre exposure prophylaxis in heterosexual couples [27].




      Well-designed clinical researches of serodiscordant couples showed the high effect of continued use of latex condoms against sexually HIV transmission. Meta-analyses suggest that regular use of condoms decreases the risk of HIV acquisition by approximately 80 to 95% [29, 30]. Among 13 cohort studies reviewed in one meta-analysis, there were only 11 seroconversions among 587 couples reporting constant use [29].




      It seems that HIV prevention should be considered as combination of behavioral or biomedical intervention rather than just one of them [23]. A study suggested for couples using any single prevention strategy, a substantial cumulative risk of HIV transmission remained. For a male–female couple using only condoms, estimated risk over 10 years was 11%; for a male–male couple using only condoms, estimated risk was 76%. ART use by the HIV-infected partner was the most effective single strategy in reducing risk; among male–male couples, adding consistent condom use was essential to retain the 10-year risk below 10% [31].




      Substantial significant evidence demonstrates that male circumcision lessens the risk of female-to-male sexual transmission. A Cochrane systematic study of the three trials obtained a reduced risk of 54% at 21 and 24 months after circumcision [32]. The effect of circumcision of male PLWH on transmission to women has been studied just by one RCT. This trial finished early due to uselessness (i.e., the likelihood of finding a treatment effect was thought to be low): after 24 months, 18% of women in the intervention group and 12% of women in the control group acquired HIV, showing a statistically non-significant difference in the rates of transmission. This trial also pointed to a potential short-term increase in HIV transmission if sex is restarted before the surgical wound is entirely cured [33]. As mathematical models stated, women would take benefits indirectly from the scale up of male circumcision due to decreased HIV transmission between probable male partners [34]. Circumcision has no significant influence on HIV transmission among MSM [35].




      The distribution of the different subtypes of HIV varies worldwide [36]. Different subtypes may have diverse biological properties, which could affect the transmission rate; however, there is no evidence to specify any impact of different subtypes on HIV transmission to date [36].


    




    

      4. HIV Transmission Among People who Use Drugs




      People who Inject Drugs (PWID) exhibit higher rates of infection with HIV and other blood-borne viruses, such as hepatitis C virus (HCV), because of unsafe injecting behavior [37]. Estimates found that 15.9 million (range 11.0–21.2 million) people might inject drugs worldwide; the largest numbers of injectors were found in China, USA and Russia, where mid estimates of HIV prevalence among injectors were 12%, 16%, and 37%, respectively. The prevalence of HIV among people injecting drugs was 20–40% in five countries and over 40% in nine countries. It is estimated that, worldwide, about 3.0 million (range 0•8–6•6 million) PWID might be HIV positive [37].




      

        4.1. Risk per Drug Injection




        Few researches have been directed to examine HIV transmission risk per injection with a contaminated needle and syringe [38]. Because of difficulties to precisely quantify the number of exposure and other risk factors, such as viral load, mathe-matical models have been used to indirectly estimate the likelihoods of such transmission. These models stated the probability of HIV transmission per injection from a contaminated needle and syringe to be 0.67% and 0.84% [39]. These studies do not consider the potential heterogeneity in transmission risk per injection, which relies on the infectiousness of the HIV-positive person who injects and the susceptibility of the uninfected person [39].So they may be misleading.




        Sharing drug preparation equipments other than needles and syringes (e.g., sharing water, cooker or filter) is involved with increased risk of HIV transmission. A study stated that 10 of the 83 PWID who sero-converted shared only cotton, cookers, or water, but not needles, during the risk period before conversion [40].




        Kinds of drug mostly injected play a role in risky injecting practices. Cocaine in particular has been concomitant with binge drug use [41], which typically involves erratic behaviors, resulting in an increase in the possibility of unsafe injecting practices [42]. Cross-sectional studies revealed a relationship between injecting stimulants, cocaine or crack and increasingly risky practices [43, 44].




        The transmission of HIV among people using drugs through non-injecting routes is the conclusion of sexual contact. Research shows a pervasive exchange of sex for drugs and drugs for sex in this group [45]. Moreover, it seems that high rates of HIV acquisition in individuals using non-injection drugs may be the relative product of the effects of “bridging” or mixing with PWID, because of overlapping social and sexual networks [45]. Due to significant probability of overlap between their drug and sexual networks, women are extremely at risk [45]. Crack smoking has been accompanied with an increase in the numbers of sex partners [46] and unprotected sex [47]. The risk of HIV acquisition is similarly associated with consuming amphetamines because they are often used to rise sexual pleasure and lower sexual inhibitions [48].




        Pre exposure prophylaxis among injection drug users may decrease HIV transmission risk by 0.52 (95% CI: 0.28-0.90) [5].


      


    




    

      5. Mother-to-Child Transmission of HIV




      Vertical transmission can happen through three directions: during pregnancy by micro-transfusion of maternal blood cross ways the placenta; during labor and delivery through exposure with maternal blood and genital tract secretions; and after the birth through breastfeeding [49].




      For non-breastfeeding populations, about 4% of transmissions occur during the first 14 weeks of pregnancy, 16% between 14 and 36 weeks of gestation, half in the days before delivery, and additional 30% during active labor and delivery [50]. As estimated, absence of any preventive intervention is associated with 15% to 30% risk of HIV transmission during gestation and delivery [49].




      

        5.1. Factors Affecting Mother to Child HIV Transmission




        Higher maternal plasma viral load has been considerably associated with the higher risk of vertical transmission [51]. Prospective cohort studies showed transmission rates increase as maternal plasma viral loads increase [52, 53]. In a Zimbabwe study of HIV-positive women, for every 10-fold increase in maternal plasma viral load, a two-fold increase was seen in the rate of vertical transmission [52].




        The quantity of virus in the genital tract has also been shown to have an effect on the risk of mother-to-child transmission. An analysis of HIV-positive women with vaginal deliveries displayed that the existence of HIV in the genital tract was associated with a three-fold increase in the risk of vertical transmission, and for each 10-fold increase in the mean titer of HIV DNA there is nearly two-fold increase in the risk of vertical transmission [54].




        The influence of maternal HIV-1 subtype on the risk of vertical transmission is uncertain [55]. Coexisting STIs show an increased risk of vertical transmission. Observational studies suggest that HSV-2, syphilis and gonorrhea, increase the risk of HIV vertical transmission [56].




        Chorioamnionitis (bacterial infection of the fetal membranes and amniotic fluid), caused by ascending sexually transmitted or non-sexually transmitted bacterial infections, has been associated with four to eight-times elevated risk of vertical transmission [57]. Alternatively, no change in vertical transmission rates was seen between women treated for chorioamnionitis with antibiotics and women given a placebo [58].




        Additionally, co-infection with either HCV or active tuberculosis is with an increase in the risk of HIV vertical transmission [56]. The mechanism for HCV infection may be through immunosuppression [56], while active tuberculosis may be involved because of high viral loads and placental inflammation [56].




        As stated by the results of a RCT and a meta-analysis, the elective caesarean section (caesarean delivery before labor and before ruptured membranes) reduces the risk of vertical transmission by 50% to 80% [59]. Nevertheless, these researches often took place before the age of widespread ART usage. Prenatal ART substantially lowers the risk of HIV transmission; studies show no additional benefits to elective caesarean section for women with low viral loads, under ART.




        In addition, mother-to-child HIV transmission follows breastfeeding. The likelihood of HIV acquisition through breastfeeding ranges from 9% to 16%. Co-conditions involved in risk of transmission from breastfeeding comprise duration and pattern of breastfeeding, maternal breast wellbeing, and high plasma or breast milk viral load.
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