
Background

	 There are an estimated 3.2 million children living with Human 
Immunodeficiency Virus (HIV) globally [1]. A majority of these 
children acquire HIV from their mother during pregnancy, birth, or 
breastfeeding [2]. With the success of newer HIV drug therapies, the 
number of children surviving into adolescence and adulthood has 
increased drastically in the last decade, especially in resource-rich 
developed countries [1]. In the United States, the population of  
children with Perinatally-acquired HIV (PHIV) consists of  
approximately 8,500 patients [3]. As these children enter adolescence  
and adulthood, they are encountering a number of different  
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psychosocial, behavioral, and medical issues that present a challenge 
to both the patients and their medical practitioners, who must also 
learn to manage the complexities of the patients’ care.

	 The psychosocial implications of PHIV include mental illness 
and potential for substance abuse [3-5]. Mental health problems are  
common in HIV-infected youth and adolescents. This is not  
necessarily due to their diagnosis of HIV but is most likely a  
multifactorial result of environmental, familial, genetic, and  
biomedical factors [5]. The presence of a chronic illness-namely a 
stigmatized, transmittable disease-creates a number of stressors for 
youth and adolescents with HIV, including frequent hospitalizations 
and doctor’s visits, exposure to painful ailments or treatments, and 
sheltered life experiences. Many of these patients live in impoverished  
communities with abundant violence and substance abuse [6].  
Furthermore, it is not uncommon for these youths to live in stressful 
familial and social environments due to parental psychiatric disorders, 
substance abuse, or death from illness [7]. These issues contribute to 
the increased incidence of mental illness and risk for substance abuse 
in these patients [8,9].

	 Behavioral issues that youths with PHIV face include disclosure  
of their HIV status to their partners, contraceptive practices,  
reproductive choices, and parenting intentions. Those youths with 
PHIV make different choices with regards to their sexual onset and 
disclosure of HIV status to their partners depending on the HIV status 
of their caregivers and peer norms [10,11]. Studies have shown that 
those youths who were told of their diagnosis sooner were more likely 
to have the intention of telling their potential sex partners about their 
HIV status [12,13]. Additionally, they may face numerous fearsand 
misconceptions about sex [14]. Nonetheless, they are sexually active 
and have strong desires to have children [1]. Youths with PHIV are 
found to have a slower rate of onset of penetrative sex, especially if 
their caregivers are HIV positive [10,11]. Furthermore, pregnancy  
in this population has been described and limited available data  
suggested that these PHIV youths are at increased risk for cesarean 
delivery secondary to high viral load [15] and possibly premature  
delivery.

	 The significant decline in mortality in PHIV-infected children has 
led to unprecedented challenges in this population, as they are the 
first generation with perinatally acquired HIV to live to adolescence 
and young adulthood [1]. Because this is a new phenomenon, the  
obstacles have not yet been fully studied. Further research will  
provide knowledge regarding the various issues surrounding these  
patients and assure adequate management of this patient population 
in the future.

Social and Behavioral Aspects of Perinatal HIV 
Infection
	 In the United States, youths with PHIV are disproportionately 
more likely to be from urban ethnic minorities [4]. In addition to the 
burden of fighting a chronic illness, they are exposed to other daily 
stressors that increase their likelihood of mental health disorders and 
substance abuse, which also must be addressed by clinicians [4,5,16]. 
The increase in psychiatric disorders is likely multifactorial, resulting  
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Abstract
	 Due to the improved management of Human Immunodeficiency 
Virus (HIV), children with Perinatally-acquired HIV (PHIV) infection  
have been surviving into adolescence and adulthood. This  
generation of children and adolescents must deal with a number of 
different psychosocial, behavioral, and medical issues. Our aim is to 
discuss these issues that affect PHIV youth in the United States in 
greater detail.
	 First, we will discuss the social and behavioral aspects of  
perinatal HIV infection, including effects on mental health, the  
potential for substance abuse, and the challenges involved in  
transitioning from the pediatric to the adult healthcare system. Next, 
we will delve into the reproductive choices, contraceptive practices,  
parenting intentions, and tendencies to disclose HIV status to  
potential partners. Lastly, we will describe obstetrical outcomes of 
these PHIV-infected adolescents and young adults. Throughout 
the article, we will highlight issues that are important for physicians  
caring for these patients, as well as areas where further studies are 
needed.
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from neurological effects of both HIV itself and the medications used 
to treat the disease, the stigma associated with having HIV, as well 
as social factors-poverty, urban violence, racism, and death of family  
members from HIV. These children are often exposed to chaotic  
environments with multiple caretaking transitions as well as high rates 
of substance abuse and psychiatric disorders in family members [5]. 
The combination of decreased adherence to medication regimens with 
an increased prevalence of psychiatric disorders, substance abuse, 
and high-risk sexual behaviors in adolescents with PHIV may have  
detrimental effects on these patients, as well as potentially lead to an 
increased risk of disease transmission to others [17].

Mental Health Disorders
	 As the population of children with PHIV has reached adolescence,  
several studies have looked at various aspects of mental health  
disorders in this group. Mellins et al., published a study that  
evaluated the prevalence of psychiatric disorders and substance abuse 
in this population [17]. This study included youths with PHIV aged 9 
to 16 years living in New York City as well as their caregivers. In this 
study, 55 percent of the youth met DSM-IV criteria for one psychiatric 
disorder, while twenty-six percent met criteria for multiple disorders.  
Anxiety disorders were most prevalent at 40 percent, followed by  
behavior disorders at 23 percent [17]. The authors noted that the 
rate of psychiatric disorders, while higher than in age-matched  
community youths, was similar to other high-risk African American  
and Latino adolescent populations and adolescents with chronic  
diseases.

	 Another study by Gadow et al., compared rates of mental  
disorders in youths with PHIV with a peer population comprised 
of perinatally-exposed, HIV-negative youths and youths living in 
the same household who were HIV negative [16]. This study found 
that approximately 70 percent of the youth in both study groups 
met the symptom criteria for a mental disorder (Attention Deficit  
Hyperactivity Disorder (ADHD), disruptive behavior, anxiety, or  
depression). In addition, 43 percent of youths with PHIV compared  
to 37 percent of their peers met clinical criteria for psychiatric  
diseases, which included social impairment in addition to the  
presence of symptoms. These findings were reproduced in another  
study by Mellins, which found a prevalence of any psychiatric  
disorder of nearly 70 percent [5]. The similarity in prevalence of  
disease in the youths with PHIV and their peers likely reflects the 
stressful environment to which they are exposed, which results in a 
much higher disease rate compared to other age-matched peers in the 
community [16].

	 While the prevalence of mental disorders in the PHIV-infected  
group is high, they tend to have higher rates of treatment for these 
disorders compared to control group peers [18]. In a study by  
Chernoff et al., which compared youths with PHIV with those who 
were either perinatally-exposed, HIV-negative or were living in the 
same household and were HIV-negative, 37 percent of HIV-positive  
youths were treated with a psychiatric medication (including  
antidepressants and stimulants) or behavioral therapy, compared to 
22 percent of their peers. This likely reflects better access to other  
healthcare resources as a result of their HIV, which requires close 
monitoring in a clinical setting, and thus more opportunity for  
simultaneous identification and treatment of other diseases.

Substance Abuse and Other Risky Behaviors
	 As previously noted, those children with PHIV are at high risk 
for substance abuse problems. This results from high rates of mental  

disorders in addition to increased access to illicit drugs in their  
communities [9,19]. A study by Alperen et al., showed that for both 
youths with PHIV and their perinatally-exposed, HIV-negative peers, 
factors including substance use by caregivers or others in the home 
and the presence of a psychiatric disorder increased the risk for  
substance abuse [9]. However, the presence of HIV infection had no 
impact on rates of substance abuse in the two groups [9].

	 While often having co-existing psychiatric disorders, those youths 
who engage in substance abuse are also more likely to engage in  
other high-risk behaviors, including early sexual debut, having  
multiple sexual partners, and having unprotected intercourse [19,20]. 
Furthermore, as these youths reach adolescence they are less likely to 
adequately adhere to prescribed treatment regimens for HIV, leading  
to increased viral load, development of antiretroviral medication  
resistance, and increased risk of transmission to others [20]. A 
study by Mellins et al., comparing youths with PHIV to their  
perinatally-exposed, HIV negative counterparts, found that 18  
percent of youths with HIV and 14 percent of youths without HIV  
reported recent substance use, most commonly alcohol and  
marijuana. In addition, the rate of sexual activity in both groups was 
16 percent. While this rate was relatively small, the age of sexual debut 
in these youths was about 13 years of age. Moreover, 65 percent of 
youths with PHIV reported unprotected intercourse, compared to 50 
percent of their HIV-negative peers [20]. These findings are especially  
concerning as this group is at risk for medication noncompliance,  
further increasing the risk for disease transmission.

	 The above studies underscore the importance of addressing  
high-risk behaviors when caring for this adolescent population in 
the clinic. As youths with PHIV enter adolescence, screening for  
psychiatric disorders, substance use, sexual activity, and medication 
regimen compliance is imperative to optimize the health of these  
individuals as well as to decrease the risk for transmission of HIV to 
others.

Transition from Pediatric to Adult Healthcare System
	 As the population of individuals with PHIV progresses from 
adolescence to adulthood, a new challenge in their treatment has 
emerged-transitioning from care in a pediatric to an adult setting. A 
study by Sharma et al., consisted of interviews with youths aged 15 
to 24 living in Miami and their caregivers. Participants were asked  
questions relating to the transition to an adult clinical setting from 
a pediatric one. Three main findings were identified in the study: 
the first was a self-perceived lack of preparedness for transition; the 
second was anxiety about changing providers and health systems  
associated with adult care, and the third was an acknowledgement of 
increased personal responsibility of the youths associated with aging 
[21].

	 Challenges in the transition period are numerous. Often, the  
services provided in the pediatric office allow medical and  
psychosocial needs to be met in one setting. By contrast, adult  
settings are often fragmented, and obtaining access to appropriate 
mental health services may be difficult for patients [22]. In addition, 
many patients and caregivers view the pediatric team as a part of their 
family, as they have been involved in their treatment for long periods 
of time, often for their entire lifetime [21,22]. This strong bond with  
the pediatric medical team can make the transition to an adult  
provider difficult.

	 In the past few years, protocols for transitioning from the  
pediatric to adult clinical setting have emerged as adolescents with  
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PHIV have reached adulthood. Strategies have included the  
introduction of adult providers in the pediatric setting as well as  
linking a patient with an adult caseworker to make the transition more 
successful [22]. The United States Department of Health and Human 
Services has also provided recommendations to improve transition 
of care [23]. These include optimization of communication between  
pediatric and adult care providers, addressing areas of concern for the 
patient and caregivers, and emphasizing life development skills for the 
patients. While the transitions for many patients occur early in the 
third decade of life, preparations for the changeover may begin years 
in advance, allowing for a more successful transition for the patient 
and caregivers [22,23]. As this transition process into the realm of 
adult medicine occurs, multiple fields of practice, including infections 
disease, psychiatry, and obstetrics and gynecology should be included 
to focus on the medical, psychiatric, and reproductive challenges that 
these patients face.

Reproductive Choices in the Perinatally-Acquired 
HIV Adolescent
	 As youths with PHIV age into adolescence and adulthood, they 
are confronted with complex decisions regarding sexual behavior. 
This includes the fears and misconceptions regarding sexual activity, 
reproductive choices, use of contraception, disclosure of HIV status to 
partners, and potential child bearing. Curiosity and interest in sexual 
relationships is a natural part of adolescence and puberty; however, 
youths with PHIV face a more complicated entry into sexual maturity, 
as their disease and its treatment affects their health and can penetrate 
the central nervous system causing both neurodevelopmental and  
cognitive delay [10]. Additionally, youths with PHIV tend to  
exhibit greater social and emotional immaturity when compared  
to their HIV-negative counterparts [10]. The importance of  
understanding and contextualizing the Entrance into sexual activity 
of adolescents with PHIV has numerous public health implications, 
including targeted prevention intervention programs. This objective  
has prompted numerous inquiries into the sexual choices that  
adolescents with PHIV make, as well as examining their influences, 
such as societal peers and the caregivers at home.

	 For all children, entry into adolescent years is highly influenced  
by relationships with peers. However, social interaction and  
assimilation of those with PHIV can be more difficult due to the  
nature of their chronic illness, medical complications, and the fact 
that they are living with a highly stigmatized disease [11]. Analysis of 
data from urban New York medical centers providing health care to 
families affected by HIV provided insight on how peer relations and 
norms have an influence on the sexual behavior of youths with PHIV 
between 9 to 16 years of age [11]. Youths with PHIV were less likely 
to be sexually active (defined as kissing, touching and penetrative sex) 
than their HIV-negative counterparts. Of those who were sexually  
active, adolescents with PHIV were less likely to have penetrative 
sex and more likely to engage in touching behavior, suggesting that  
avoidance of penetration may be used as a strategy to reduce harm 
or risk to partners. Additionally, it was found that youths were more 
likely to be sexually active if they felt that doing so was perceived as 
popular among their peers, even after accounting for HIV status [11].

	 Further studies centering on the same patient population have 
looked at the influence of caregiver HIV status on the onset of  
sexual activity in adolescents [10]. Youths with PHIV whose  
caregivers were also HIV positive had the slowest onset of both  
penetrative sex and unprotected intercourse. Youths without HIV  

infection with HIV-negative caregivers had the highest rate of 
onset of sexual activity and unprotected sexual activity [10]. As  
previously noted, HIV positive status therefore seems to be associated 
with a delayed entry into sexual activity. This protective effect is likely 
due in part to the very nature of chronic illness and the negative side 
effects of antiretroviral treatment, as well as the notion that youths 
with HIV may potentially delay penetrative sexual behavior in an  
effort to avoid infecting their partner, in addition to avoiding the  
pressures of disclosing their own HIV positive status. Additionally, 
seropositive caregiver status was associated with delayed entry into 
sexual activity and lower rates of unprotected sex in all adolescents  
regardless of HIV status, supporting the idea that HIV-positive  
caregiver status is also protective with respect to youth outcomes 
[10]. One possible reason for this could be an increased importance 
placed on HIV prevention as the caregiver feels the responsibility to  
minimize potential high-risk behavior in their children. Another  
possibility is that due to their caregivers’ chronic illness, the children 
of HIV-positive caregivers assume more responsibility over their  
family earlier in life, helping in the care and treatment of their  
caregivers, which fosters their own sense of responsibility and  
maturity.

	 With the evidence demonstrating that adolescents infected with 
PHIV approach entry into sexual activity differently than their 
HIV-negative counterparts, it is imperative to tailor intervention  
programs to this specific population. These programs should educate 
and foster safe sex practices and reproductive health while addressing  
the psychosocial aspect of living with a stigmatized disease.  
Qualitative population studies centering on HIV-positive youth  
populations in sub-Saharan Africa highlighted the lack of support 
coupled with increased need, especially with respect to psychological 
counseling and education for these groups. Interviews conducted with 
youths with PHIV highlight the numerous fears and misconceptions 
regarding sex [14]. In a set of adolescentsfrom15 to 19 years of age, 
many upon questioning felt unprepared and avoided discussing sexual 
topics, while their caregivers were uncertain about when and how to 
engage the youth on the topic of sexuality. In certain cultures, sexual 
activity is frowned upon and therefore discouraged as dangerous, with 
some even postulating that the physical activity itself can hasten the 
disease progression into AIDS. The need for increased psychosocial  
support and access to contraception and condoms is crucial; the lack 
of education and reluctance to breach the topic among caregivers of 
those with PHIV perpetuates societal misconceptions and further  
deteriorates how youth with PHIV view themselves both physically  
and psychologically, which blunts their chances of achieving a  
fulfilling, healthy future.

	 For adolescents with PHIV who do decide to engage in sexual  
activity, it is of paramount importance to provide public health service  
education with respect to contraception, reproductive health, and  
potential future childbearing. While many intervention programs 
have been developed with the goal of reducing high risk behavior 
and promoting education, access and applicability to Africa’s high 
risk population is limited [1]. Studies from Uganda’s PHIV youth  
population showed a low level of condom use: while 63 percent 
of youths were aware that condom use was necessary to prevent  
transmission of HIV as well as other sexually transmitted infections,  
only 30 percent reported actual usage [1]. Additionally, while  
hormonal contraception should also be emphasized, adolescent  
adherence to daily medication is poor. Therefore, long-acting options 
such as injections and implants should be considered.
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	 Female reproductive health is a specific concern due to the high 
risk of cervical dysplasia in HIV-positive patients as well as the 
risk of pregnancy and vertical transmission of HIV. The Pediatric 
AIDS Clinical Trials Group (PACTG) investigated the incidence of  
pregnancy, genital infections and abnormal cervical cytology in  
females with PHIV aged 13 to 25 years old [24]. High rates of sexually 
transmitted infections in subjects prior to the age of 19 were reported, 
with genital condyloma being the most common. Of the 638 enrolled 
subjects in the study, 27 percent were sexually active. Those who were 
sexually active were also more likely to not be on ART, have higher  
HIV viral loads, and lower CD4 counts. Additionally, 17 percent  
experienced their first pregnancy by 19 years old. Only half of those 
who were sexually active had pap smears performed, of which  
50 percent were abnormal [24].

	 The innate drive and desire to procreate an area that has received 
little attention with respect to those with PHIV. One study looking 
at adolescents with PHIV between 13 and 24 years old who enrolled 
through a clinic specializing in adolescent HIV care found that  
70 percent of study subjects intended to have children [25]. There 
was increased intent to procreate in study subjects that perceived the 
risk for vertical transmission to be low. Additionally, a study based 
out of London looking at parental considerations of those with PHIV  
elicited four common themes: the pressure children will have on  
relationships with respect to disclosing HIV status to partners; the  
impact of culture, family, and societal norms on their intentions to 
have children; disclosure of their HIV status to their children in the 
future; and the effect of reproductive intentions and possible vertical 
transmission [26]. Altogether, adolescents with PHIV do have a strong 
desire to become parents and do consider the impact their disease will 
have with respect to all aspects of child bearing. Proper education and 
communication that starts at an early age is necessary for adolescents 
and young adults with PHIV to make informed decisions, facilitate  
open communication with their partners, and take the proper  
measures to minimize vertical transmission.

Pregnancy Outcomes Among Perinatally-Acquired 
HIV-Infected Women
	 Our current knowledge of pregnancy outcomes of women with 
PHIV in developed countries is limited. Since the first case report 
in 1998 detailing a 14 year old with PHIV who had a vaginal birth 
of a term HIV-negative infant, a number of studies on pregnancy  
outcomes in women who are perinatally infected with HIV were  
published [27]. However, given the rarity and the nature of the disease  
process, it is expected that most reports would only include a small 
number of patients, with most data collected retrospectively. It is our 
intent to abstract from the currently available data the pregnancy  
outcomes of those with PHIV infection.

Compliance with Antiretroviral Therapy
	 Munjal et al., retrospectively reviewed pregnancy outcomes 
of 30 women with PHIV who delivered in New York, USA from 
2000 to 2011 [28]. These were compared with HIV-positive women  
(non-perinatally acquired) who delivered at the same hospital during 
the same period. The authors noted that their cohort of women 
with PHIV had lower median CD4 counts before, during and after  
delivery. Their median viral load was also significantly more elevated. 
Of note, although their viral load decreased during pregnancy, they 
returned to the high pre-pregnancy level following delivery. One child 
delivered from a perinatally-infected woman was vertically infected  

with HIV. Four perinatally-infected women died over a course of  
follow-up of 4 years compared to none in the control group.  
Compliance with medication played a significant role in their deaths, 
as there was documentation of their decision to stop taking the  
antiretroviral medication after delivery. Their poorer outcomes and 
worsening of disease status might not be due to treatment failure. 
Optimizing their viral load suppression is possible with available  
antiretroviral treatment since the genotype sensitivity scores 
were comparable to their age-matched, non-perinatally acquired  
HIV-infected women. The authors suggested that perinatally-infected  
women are at higher risk for disease progression and death  
postpartum, possibly due to non-compliance with treatment and  
difficulty obtaining accessible resources. They proposed that more  
research is indicated to determine whether psychosocial burdens 
that are common these women such as social ostracism, stress and  
depression could play a role in their worse disease progression [27].

Elective Pregnancy Termination
	 Another concern is the high rate of pregnancy termination in the 
cohorts of women with PHIV. Beckerman et al., reported a notable 
rate of elective pregnancy termination (48%) in a group of young 
women infected with PHIV aged 15 to 25 years old and living in 
New York City [29]. The above data demonstrate the need to provide  
appropriate education and counseling on reproductive health and 
contraception in this adolescent time period when risk taking  
behaviors are high.

Low Birth Weight Infants
	 Conflicting data exist with regard to the prevalence of low birth 
weight among those women with PHIV. Data from developing  
countries, particularly Brazil and India, reported normal range 
birth weights for infants of these women [30,31]. In contrast, most  
studies from developed countries reported that women with PHIV are 
at increased risk for small-for gestational age birth outcomes [32-34].  
When the known risk factors for fetal growth restriction were  
controlled, the higher risk for low birth-weight still persists. Therefore, 
these findings suggested that fetal growth might be affected by the  
unfavorable uterine environment that is unique to the pregnant  
woman affected with PHIV-possibly a chronically suppressed  
immune status [35]. However, the small sample sizes and difference  
in findings between these studies support the need for further  
investigation into the connection between PHIV and low birth weight, 
as well as whether other variables might be influencing the findings.

Preterm Births
	 Currently available data suggests there may be an increased risk 
of preterm delivery in the cohort of women with PHIV. According to 
Williams et al., in a small series of ten females with PHIV, 31 percent 
had preterm premature rupture of membranes resulting in preterm 
birth [32]. Thorn et al., also reported a premature birth rate of  
44 percent among nine women with PHIV in Europe [34].  
Beckerman et al., performed a comparison between women with 
PHIV and women with behaviorally-infected HIV. They noted that 
the women with PHIV were more likely to deliver at a premature  
gestation. The mean gestation at delivery was 33.7 weeks for the  
perinatally-infected women and 38.8 weeks for the  
behaviorally-infected women [29]. Again, the etiology for premature  
birth was unclear. Although it is understood that adolescent  
pregnancy is a risk factor for premature birth, this significantly  
increased rate (31 to 44 percent) of preterm birth reported in these  
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studies is more than twice the risk of premature birth in adolescent 
pregnancy, currently reported to be between 13 to 18 percent [36,37]. 
More research is indicated into the association between preterm birth 
and PHIV, as existing literature on the topic is limited by sample size.

Rate of Cesarean Delivery
	 In the 1990s, studies began to demonstrate a decreased risk for  
vertical transmission of HIV with elective cesarean delivery performed  
prior to onset of labor [38-40]. This was followed by a  
recommendation from ACOG in 2000 that, in addition to use of  
antiretroviral medications, cesarean delivery should be offered to 
women with viral loads of greater than 1,000 copies per milliliter to 
decrease the rate of vertical transmission of HIV [41]. Such studies  
and recommendations resulted in an increased rate of cesarean  
delivery among patients with HIV in the United States, with cesarean 
delivery rates increasing from about 20 percent prior to 1998 to 45 to 
58 percent after 1998 [40]. A study from Kourtis et al., demonstrated a 
cesarean delivery rate of 58.5 percent among all HIV-infected women 
in 2010, compared to a rate of 33 percent among uninfected women 
[38].

	 Similar to those trends seen in all patients with HIV, the rate of 
cesarean delivery appears to be quite high among those with patients 
with PHIV, compared to the 23 percent reported rate of cesarean  
delivery among women less than 20 years of age in the United States 
in 2007 [42]. Williams et al., reported a 62 percent rate of cesarean  
delivery in their cohort of 13 pregnancies in New Jersey, United 
States; 75 percent of the cesarean deliveries were performed due to 
elevated HIV viral load [32]. These statistics bolster the argument that  
education and counseling are imperative in this young population 
to improve adherence to medical therapy to suppress viral load, and 
thus potentially avoid cesarean delivery with its inherent risks of  
morbidities in an immune-suppressed cohort. Another European  
study reported a remarkable rate of cesarean delivery in 8 out 9  
pregnancies (89 percent) [34]. The indications for cesarean delivery 
in this small series were not specified except that 6 were reported  
as elective and 2 were emergent. Yet, viral load at delivery was  
undetectable in 2 of the 6 women who underwent elective cesarean 
section [34]. This could imply that in addition to education of patients  
with PHIV regarding the importance of compliance with their  
medications to decrease the rate of cesarean delivery associated with 
an elevated viral load, physicians must also be educated regarding  
recommendations for cesarean delivery in patients with HIV, to  
decrease the overall number of cesarean deliveries performed in this 
population.

	 Notably, this young cohort with immunocompromised status is 
at a further disadvantage when they undergo cesarean delivery when 
compared to their immunocompetent counterparts. Louis et al.,  
reported that women with HIV infection are more likely to sustain  
infectious morbidities (postpartum endometritis, sepsis, and  
pneumonia), and to require blood transfusion. Most importantly,  
maternal death was at 0.8 percent in this cohort of 378 women  
infected with HIV; it was 0.1 percent in HIV-negative women [43]. 
In addition, having had a cesarean delivery may put future pregnancy 
at risk for morbidities, and these women are more likely to become 
pregnant again due to their young age.

Similar Risk of Mother-to-Child-Transmission of 
HIV
	 With the combination of antiretroviral therapy, obstetrical  
intervention, and avoidance of breastfeeding, the risk of  

mother-to-child transmission of HIV is estimated to be less than 2 
percent in developed countries. It appears that PHIV women have 
the same risk of vertically transmitting the HIV infection as their  
behaviorally acquired HIV counterparts. In 32 live births from a  
cohort of pregnant PHIV adolescents enrolled in the Pediatrics AIDS 
Clinical Trials protocol 219, the rate of vertical transmission of HIV 
infection was calculated to be 3.3 percent [44]. Other study sites  
reported comparable low rates of vertical transmission of HIV: no 
cases of vertical transmission of HIV in 19 infants in New York and 6 
infants in Puerto Rico [45,46].

	 Of interest, in contrast to the above adverse pregnancy outcomes 
collected retrospectively in the United States, prospective data from 
1997 to 2001 in India reported a low rate of preterm birth (3 percent) 
and cesarean delivery (3 percent) in a cohort of 30 pregnant PHIV 
women [31]. However, this study excluded women with clinical  
manifestations of HIV disease. It included a group of well-nourished, 
asymptomatic women with PHIV. Seventy percent were married, 75 
percent had secondary school education, and no patient had a history 
of sexually transmitted disease or multiple sexual partners per their  
report. Ninety-five percent had prenatal care, and more than  
90 percent of patients took antiretroviral therapy consistently during 
pregnancy. It appears that with adequate medical care, overall good 
health, and compliance with antiretroviral therapy good pregnancy  
outcomes are possible. However, it is not certain whether these  
successful outcomes can be assumed in other populations of  
pregnant women with PHIV [47]. Given the paucity of data on  
pregnancy outcomes in women with PHIV, more research and  
reporting of such pregnancies are needed.

Conclusion
	 As youths with PHIV age into adolescence and adulthood, they 
face a number of challenges that must be addressed by healthcare  
professionals. In addition to continued treatment of HIV, these  
patients may require treatment for psychiatric mood disorders and 
substance abuse, as well as discussion of their reproductive plans and 
likely pregnancy outcomes. This care requires coordination among 
the various teams that will care for the patients with PHIV as they  
transition from the pediatric to the adult clinic setting. Further  
research into these areas will allow challenges in this transition to be 
addressed so that optimal care can be provided to patients with PHIV.

References
1.	 Lowenthal ED, Bakeera-Kitaka S, Marukutira T, Chapman J, Goldrath K, et 

al. (2014) Perinatally acquired HIV infection in adolescents from Sub-Saha-
ran Africa: A review of emerging challenges. The Lancet Infectious Diseases 
14: 627-639.

2.	 Smith R, Wilkins M (2015) Perinatally acquired HIV Infection: long-term neu-
ropsychological consequences and challenges ahead. Child Neuropsychol 
21: 234-268.

3.	 Hazra R, Siberry G, Mofenson L (2010) Growing up with HIV: children, ado-
lescents, and young adults with perinatally acquired HIV infection. Annu Rev 
Med 61: 169-185.

4.	 Koenig LJ, Nesheim S, Abramowitz (2011) Adolescents with perinatally ac-
quired HIV: Emerging behavioral and health needs for long-term survivors. 
Curr Opin Obstet Gynecol 23: 321-327.

5.	 Mellins CA, Elkington KS, Leu CS, Santamaria EK, Dolezal C, et al. (2012) 
Prevalence and change in psychiatric disorders among perinatally HIV-infect-
ed and HIV-exposed youth. AIDS Care 24: 953-962.

6.	 Mellins CA, Malee KM (2013) Understanding the mental health of youth living 
with perinatal HIV infection: lessons learned and current challenges. J Int 
AIDS Soc 16: 18593.

http://dx.doi.org/10.24966/ACRS-7370/100003
http://www.thelancet.com/journals/laninf/article/PIIS1473-3099(13)70363-3/abstract
http://www.thelancet.com/journals/laninf/article/PIIS1473-3099(13)70363-3/abstract
http://www.thelancet.com/journals/laninf/article/PIIS1473-3099(13)70363-3/abstract
http://www.thelancet.com/journals/laninf/article/PIIS1473-3099(13)70363-3/abstract
http://www.ncbi.nlm.nih.gov/pubmed/24697320
http://www.ncbi.nlm.nih.gov/pubmed/24697320
http://www.ncbi.nlm.nih.gov/pubmed/24697320
http://www.ncbi.nlm.nih.gov/pubmed/19622036
http://www.ncbi.nlm.nih.gov/pubmed/19622036
http://www.ncbi.nlm.nih.gov/pubmed/19622036
http://www.ncbi.nlm.nih.gov/pubmed/21836510
http://www.ncbi.nlm.nih.gov/pubmed/21836510
http://www.ncbi.nlm.nih.gov/pubmed/21836510
http://www.ncbi.nlm.nih.gov/pubmed/22519762
http://www.ncbi.nlm.nih.gov/pubmed/22519762
http://www.ncbi.nlm.nih.gov/pubmed/22519762
http://www.ncbi.nlm.nih.gov/pubmed/23782478
http://www.ncbi.nlm.nih.gov/pubmed/23782478
http://www.ncbi.nlm.nih.gov/pubmed/23782478


Citation: Johnson A, Shamsnia L, Hooshvar N, diBenedetto R, Dola C (2015) Growing Up with Perinatally-Acquired HIV Infection: Psychosocial, Behavioral, 
and Reproductive Issues. J AIDS Clin Res Sex Transm Dis 2: 003.

• Page 6 of 7 •

J AIDS Clin Res Sex Transm Dis ISSN: 2572-7370, Open Access Journal
DOI: 10.24966/ACRS-7370/100003

Volume 2 • Issue 1 • 100003

7.	 Pilowsky D, Wissow L, Hutton N (2000) Children affected by HIV. Clinical 
experience and research findings. Child Adolesc Psychiatr Clin N Am 9: 451-
464.

8.	 Pearlstein SL, Mellins CA, Dolezal C, Elkington KS, Santamaria EK, et al. 
(2014) Youth in Transition: Life Skills AmongPerinatally HIV-Infected and 
HIV-Exposed Adolescents. J Pediatr Psychol 39: 294-305.

9.	 Alperen J, Brummel S, Tassiopoulos K, Mellins CA, Kacanek D, et al. (2014) 
Prevalence of and risk factors for substance use among perinatally human 
immunodeficiency virus-infected and perinatally exposed but uninfected 
youth. J Adolesc Health 54: 341-349.

10.	Bauermeister JA, Elkington K, Robbins R, Kang E, Mellins C (2012) A pro-
spective study of the onset of sexual behavior and sexual risk in youth perina-
tally infected with HIV. J Sex Res 49: 413-422.

11.	Bauermeister JA, Elkington K, Brackis-Cott E, Dolezal C, Mellins C (2009) 
Sexual behavior and perceived peer norms: comparing perinatally HIV-infect-
ed and HIV-infected youth. J Youth Adolesc 38: 1110-1122.

12.	Dorrell J, Katz J (2014) You’re HIV positive: perinatally infected young peo-
ple’s accounts of the critical moment of finding out their diagnosis. AIDS Care 
26: 454-458.

13.	Santamaria EK, Dolezal C, Marhefka S, Hoffman S, Ahmed Y, et al. (2011) 
Psychosocial implications of HIV serostatus disclosure to youth with perina-
tally acquired HIV. AIDS Patient Care STDS 25: 257-264.

14.	Busza J, Besana GV, Mapunda P, Oliveras E (2013) “I have grown up con-
trolling myself a lot.” Fear and misconceptions about sex among adolescents 
vertically-infected with HIV in tanzania. Reprod Health Matters 21: 87-96.

15.	Badell ML, Kachikis A, Haddad LB, Nguyen ML, Lindsay M (2013) Compar-
ison of pregnancies between perinatally and sexually hiv-infected women: 
an observational study at an urban hospital. Infect Dis Obstet Gynecol 2013: 
301763.

16.	Gadow KD, Angelidou K, Chernoff M, Williams PL, Heston J, et al. (2012) 
Longitudinal study of emerging mental health concerns in youth perinatally 
infected with HIV and peer comparisons. J Dev Behav Pediatr 33: 456-468.

17.	Mellins CA, Brackis-Cott E, Dolezal C, Abrams EJ (2006) Psychiatric disor-
ders in youth with perinatally acquired human immunodeficiency virus infec-
tion. Pediatr Infect Dis J 25: 432-437.

18.	Chernoff M, Nachman S, Williams P, Brouwers P, Heston J, et al. (2009) 
Mental health treatment patterns in perinatally HIV-infected youth and con-
trols. Pediatrics 124: 627-636.

19.	Conner LC, Wiener J, Lewis JV, Phill R, Peralta L, et al. (2013) Prevalence 
and predictors of drug use among adolescents with HIV infection acquired 
perinatally or later in life. AIDS Behav 17: 976-986.

20.	Mellins CA, Tassiopoulos K, Malee K, Moscicki AB, Patton D, et al. (2011) 
Behavioral health risks in perinatally HIV-exposed youth: co-occurrence of 
sexual and drug use behavior, mental health problems, and nonadherence to 
antiretroviral treatment. AIDS Patient Care STDS 25: 413-422.

21.	Sharma N, Willen E, Garcia A, Sharma TS (2014) Attitudes toward transition-
ing in youth with perinatally acquired HIV and their family caregivers. J Assoc 
Nurses AIDS Care 25: 168-175.

22.	Dowshen N, D’Angelo L (2011) Health care transition for youth living with 
HIV/AIDS. Pediatrics 128: 762-771.

23.	Cervia JS (2013) Easing the transition of HIV-infected adolescents to adult 
care. AIDS Patient Care and STDS 27: 692-696.

24.	Brogly S, Watts D, Ylitalo N, Franco EL, Seage GR, et al. (2007) Repro-
ductive health of adolescent girls perinatally infected with HIV. Am J Public 
Health 97: 1047-1052.

25.	Ezeanolue E, Wodi A, Patel R, Dieudonne A, Oleske J (2006) Sexual be-
haviors and procreational intentions of adolescents and young adults with 
perinatally acquired human immunodeficiency virus infection: experience of 
an urban tertiary center. J Adolesc Health 38: 719-725.

26.	Evangeli M, Greenhalgh C, Frize G, Foster C, Fidler S (2014) Parenting 
considerations in young adults with perinatally acquired HIV. AIDS Care 26: 
813-816.

27.	Crane S, Sullivan M, Feingold M, Kaufman GE (1998) Successful pregnancy 
in an adolescent with perinatally acquired human immunodeficiency virus. 
Obstet Gynecol 92: 711.

28.	Munjal I, Dobroszycki J, Fakioglu E, Rosenberg MG, Wiznia AA, et al. (2013) 
Impact of HIV-1 infection and pregnancy on maternal health: comparison be-
tween perinatally and behaviorally infected young women. Adolesc Health 
Med Ther 4:51-58.

29.	Beckerman K, Giovanniello A, Wright R (2011) Retrospective cohort com-
paring pregnancy outcome among perinatally infected women compared to 
sexually infected. Proceedings of the IDSA Annual Meeting 2011: 20-23.

30.	Cruz ML, Cardoso CA, João EC, Gomes IM, Abreu TF, et al. (2010) Pregnan-
cy in HIV vertically infected adolescents and young women: a new generation 
of HIV-exposed infants. AIDS 24: 2727-2731.

31.	Chibber R, Khurranna A (2005) Birth outcomes in perinatally HIV-infected 
adolescents and young adults in Manipur, India: a new frontier. Arch Gynecol 
Obstet 271: 127-131. 

32.	Williams SF, Keane-Tarchichi MH, Bettica L, Dieudonne A, Bardeguez AD 
(2009) Pregnancy outcomes in young women with perinatally acquired hu-
man immunodeficiency virus-1. Am J Obstet Gynecol 200: 141-145.

33.	Phillips UK, Rosenberg MG, Dobroszycki J, Katz M, Sansary J, et al. (2011)
Pregnancy in women with perinatally acquired hiv-infection: outcomes and 
challenges. AIDS Care 23: 1076-1082.

34.	Thorne C, Townsend CL, Peckham CS, Newell ML, Tookey PA (2007) Preg-
nancies in young women with vertically acquired HIV infection in Europe. 
AIDS 21: 2552-2556.

35.	Jao J, Sigel K, Chen K, Rodriguez-Caprio G, Posada R, et al. (2012) Small for 
gestational age birth outcomes in pregnant women with perinatally acquired 
HIV. AIDS. 26: 855-859.

36.	Fraser AM, Brockert JE, Ward RH (1995) Association of Young Maternal Age 
with Adverse Reproductive Outcomes. N Engl J Med 332: 1113-1117.

37.	Chen XK, Wen SW, Fleming N, Demissie K, Rhoads GG, et al. (2007) Teen-
age pregnancy and adverse birth outcomes: a large population based retro-
spective cohort study. Int J Epidemiol 36: 368-373.

38.	Kourtis AP, Ellington S, Pazol K, Flowers L, Haddad L, et al. (2014) Complica-
tions of cesarean deliveries among HIV-infected women in the united states. 
AIDS 28: 2609-2618.

39.	[No authors listed] (1999) The mode of delivery and the risk of vertical trans-
mission of human immunodeficiency virus type 1 - a meta-analysis of 15 pro-
spective cohort studies. International Perinatal HIV Group. N Engl J Med 340: 
977-987.

40.	Dominguez KL, Lindegren ML, D’Almada PH, Peters VB, Frederick T, et al. 
(2003) Increasing trend of cesarean deliveries in HIV-infected women in the 
United States from 1994 to 2000. J Acquir Immune Defic Syndr 33: 232-238.

41.	Committee on Obstetric Practice (2001) ACOG committee opinion scheduled 
Cesarean delivery and the prevention of vertical transmission of HIV infec-
tion. Number 234, May 2000 (replaces number 219, August 1999).

42.	Menacker F, Hamilton BE (2011) Recent Trends in Cesarean Delivery in the 
United States. NCHS Data Brief, National Center for Health Statistics Hyatts-
ville, MD, USA.

43.	Louis J, Landon MB, Gersnoviez RJ, Leveno KJ, Spong CY, et al. (2007) 
Perioperative Morbidity and Mortality among Human Immunodeficiency Virus 
Infected Women Undergoing Cesarean Delivery. Obstet Gynecol 110: 385-
390.

44.	Brogly SB, Watts DH, Ylitalo N, Franco EL, Seage GR 3rd, et al. (2007) Re-
productive Health of Adolescent Girls Perinatally Infected with HIV. American 
Journal of Public Health 97: 1047-1052.

http://dx.doi.org/10.24966/ACRS-7370/100003
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pilowsky+D%2C+Wissow+L%2C+Hutton+N
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pilowsky+D%2C+Wissow+L%2C+Hutton+N
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pilowsky+D%2C+Wissow+L%2C+Hutton+N
http://www.ncbi.nlm.nih.gov/pubmed/24124197
http://www.ncbi.nlm.nih.gov/pubmed/24124197
http://www.ncbi.nlm.nih.gov/pubmed/24124197
http://www.ncbi.nlm.nih.gov/pubmed/24239286
http://www.ncbi.nlm.nih.gov/pubmed/24239286
http://www.ncbi.nlm.nih.gov/pubmed/24239286
http://www.ncbi.nlm.nih.gov/pubmed/24239286
http://www.ncbi.nlm.nih.gov/pubmed/21797715
http://www.ncbi.nlm.nih.gov/pubmed/21797715
http://www.ncbi.nlm.nih.gov/pubmed/21797715
http://www.ncbi.nlm.nih.gov/pubmed/19636775
http://www.ncbi.nlm.nih.gov/pubmed/19636775
http://www.ncbi.nlm.nih.gov/pubmed/19636775
http://www.ncbi.nlm.nih.gov/pubmed/24116705
http://www.ncbi.nlm.nih.gov/pubmed/24116705
http://www.ncbi.nlm.nih.gov/pubmed/24116705
http://www.ncbi.nlm.nih.gov/pubmed/21323530
http://www.ncbi.nlm.nih.gov/pubmed/21323530
http://www.ncbi.nlm.nih.gov/pubmed/21323530
http://www.ncbi.nlm.nih.gov/pubmed/23684191
http://www.ncbi.nlm.nih.gov/pubmed/23684191
http://www.ncbi.nlm.nih.gov/pubmed/23684191
http://www.ncbi.nlm.nih.gov/pubmed/24106419
http://www.ncbi.nlm.nih.gov/pubmed/24106419
http://www.ncbi.nlm.nih.gov/pubmed/24106419
http://www.ncbi.nlm.nih.gov/pubmed/24106419
http://www.ncbi.nlm.nih.gov/pubmed/22772819
http://www.ncbi.nlm.nih.gov/pubmed/22772819
http://www.ncbi.nlm.nih.gov/pubmed/22772819
http://www.ncbi.nlm.nih.gov/pubmed/16645508
http://www.ncbi.nlm.nih.gov/pubmed/16645508
http://www.ncbi.nlm.nih.gov/pubmed/16645508
http://www.ncbi.nlm.nih.gov/pubmed/19596734
http://www.ncbi.nlm.nih.gov/pubmed/19596734
http://www.ncbi.nlm.nih.gov/pubmed/19596734
http://www.ncbi.nlm.nih.gov/pubmed/21842420
http://www.ncbi.nlm.nih.gov/pubmed/21842420
http://www.ncbi.nlm.nih.gov/pubmed/21842420
http://www.ncbi.nlm.nih.gov/pubmed/21992620
http://www.ncbi.nlm.nih.gov/pubmed/21992620
http://www.ncbi.nlm.nih.gov/pubmed/21992620
http://www.ncbi.nlm.nih.gov/pubmed/21992620
http://www.ncbi.nlm.nih.gov/pubmed/23809660
http://www.ncbi.nlm.nih.gov/pubmed/23809660
http://www.ncbi.nlm.nih.gov/pubmed/23809660
http://www.ncbi.nlm.nih.gov/pubmed/21930548
http://www.ncbi.nlm.nih.gov/pubmed/21930548
http://www.ncbi.nlm.nih.gov/pubmed/24073595
http://www.ncbi.nlm.nih.gov/pubmed/24073595
http://www.ncbi.nlm.nih.gov/pubmed/17463385
http://www.ncbi.nlm.nih.gov/pubmed/17463385
http://www.ncbi.nlm.nih.gov/pubmed/17463385
http://www.ncbi.nlm.nih.gov/pubmed/16730601
http://www.ncbi.nlm.nih.gov/pubmed/16730601
http://www.ncbi.nlm.nih.gov/pubmed/16730601
http://www.ncbi.nlm.nih.gov/pubmed/16730601
http://www.ncbi.nlm.nih.gov/pubmed/24266514
http://www.ncbi.nlm.nih.gov/pubmed/24266514
http://www.ncbi.nlm.nih.gov/pubmed/24266514
http://www.ncbi.nlm.nih.gov/pubmed/9764678
http://www.ncbi.nlm.nih.gov/pubmed/9764678
http://www.ncbi.nlm.nih.gov/pubmed/9764678
http://www.ncbi.nlm.nih.gov/pubmed/24600295
http://www.ncbi.nlm.nih.gov/pubmed/24600295
http://www.ncbi.nlm.nih.gov/pubmed/24600295
http://www.ncbi.nlm.nih.gov/pubmed/24600295
http://www.ncbi.nlm.nih.gov/pubmed/20827164
http://www.ncbi.nlm.nih.gov/pubmed/20827164
http://www.ncbi.nlm.nih.gov/pubmed/20827164
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chibber+R%2C+Khurranna+A
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chibber+R%2C+Khurranna+A
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chibber+R%2C+Khurranna+A
http://www.ncbi.nlm.nih.gov/pubmed/18973871
http://www.ncbi.nlm.nih.gov/pubmed/18973871
http://www.ncbi.nlm.nih.gov/pubmed/18973871
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3320097/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3320097/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3320097/
http://www.ncbi.nlm.nih.gov/pubmed/18025899
http://www.ncbi.nlm.nih.gov/pubmed/18025899
http://www.ncbi.nlm.nih.gov/pubmed/18025899
http://www.ncbi.nlm.nih.gov/pubmed/22313958
http://www.ncbi.nlm.nih.gov/pubmed/22313958
http://www.ncbi.nlm.nih.gov/pubmed/22313958
http://www.ncbi.nlm.nih.gov/pubmed/7700283
http://www.ncbi.nlm.nih.gov/pubmed/7700283
http://www.ncbi.nlm.nih.gov/pubmed/17213208
http://www.ncbi.nlm.nih.gov/pubmed/17213208
http://www.ncbi.nlm.nih.gov/pubmed/17213208
http://www.ncbi.nlm.nih.gov/pubmed/25574961
http://www.ncbi.nlm.nih.gov/pubmed/25574961
http://www.ncbi.nlm.nih.gov/pubmed/25574961
http://www.ncbi.nlm.nih.gov/pubmed/10099139
http://www.ncbi.nlm.nih.gov/pubmed/10099139
http://www.ncbi.nlm.nih.gov/pubmed/10099139
http://www.ncbi.nlm.nih.gov/pubmed/10099139
http://www.ncbi.nlm.nih.gov/pubmed/12794560
http://www.ncbi.nlm.nih.gov/pubmed/12794560
http://www.ncbi.nlm.nih.gov/pubmed/12794560
http://www.ncbi.nlm.nih.gov/pubmed/11424912
http://www.ncbi.nlm.nih.gov/pubmed/11424912
http://www.ncbi.nlm.nih.gov/pubmed/11424912
http://www.cdc.gov/nchs/data/databriefs/db35.htm
http://www.cdc.gov/nchs/data/databriefs/db35.htm
http://www.cdc.gov/nchs/data/databriefs/db35.htm
http://www.ncbi.nlm.nih.gov/pubmed/17666615
http://www.ncbi.nlm.nih.gov/pubmed/17666615
http://www.ncbi.nlm.nih.gov/pubmed/17666615
http://www.ncbi.nlm.nih.gov/pubmed/17666615
http://www.ncbi.nlm.nih.gov/pubmed/17463385
http://www.ncbi.nlm.nih.gov/pubmed/17463385
http://www.ncbi.nlm.nih.gov/pubmed/17463385


Citation: Johnson A, Shamsnia L, Hooshvar N, diBenedetto R, Dola C (2015) Growing Up with Perinatally-Acquired HIV Infection: Psychosocial, Behavioral, 
and Reproductive Issues. J AIDS Clin Res Sex Transm Dis 2: 003.

• Page 7 of 7 •

J AIDS Clin Res Sex Transm Dis ISSN: 2572-7370, Open Access Journal
DOI: 10.24966/ACRS-7370/100003

Volume 2 • Issue 1 • 100003

45.	Millery M, Vazquez S, Walther V, Humphrey N, Schlecht J, et al. (2011) Preg-
nancies in perinatally HIV-infected young women and implications for care 
and service programs. J Assoc Nurses AIDS Care 23: 41-51.

46.	Centers for Disease Control and Prevention (CDC) (2003) Pregnancy in 
Perinatally HIV-infected adolescents and young adults-Puerto Rico, 2002. 
MMWR Morb Mortal Wkly Rep 52: 149-151.

47.	Badell ML, Lindsay M (2012) Thirty Years Later: Pregnancies in Females 
Perinatally Infected with Human Immunodeficiency Virus-1. AIDS Research 
and Treatment.

http://dx.doi.org/10.24966/ACRS-7370/100003
http://www.ncbi.nlm.nih.gov/pubmed/21820325
http://www.ncbi.nlm.nih.gov/pubmed/21820325
http://www.ncbi.nlm.nih.gov/pubmed/21820325
http://www.ncbi.nlm.nih.gov/pubmed/12625497
http://www.ncbi.nlm.nih.gov/pubmed/12625497
http://www.ncbi.nlm.nih.gov/pubmed/12625497
http://www.hindawi.com/journals/art/2012/418630/
http://www.hindawi.com/journals/art/2012/418630/
http://www.hindawi.com/journals/art/2012/418630/

	_GoBack

