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Unsuppressed HIV-1 RNA viral load at delivery is one of the primary determinants of whether an HIV-positive mother will transmit the virus to her infant. Because of this, many of the prevention of mother-to-child transmission guidelines, such as those from the World Health Organization and the United States Department of Health and Human Services, are aimed at reducing the mother’s viral load to as low a level as possible before the end of her third trimester. In this essay, I reviewed the available literature to identify determinants of unsuppressed viral load at term among HIV-positive pregnant women in order to evaluate the current guidelines and make recommendations for improved care. The most prevalent determinants of unsuppressed viral load at term identified in this literature review were higher viral load at baseline, shorter duration of HAART, race or ethnicity, poor ART adherence, and lower baseline CD4 count. These are consistent with known determinants of vertical HIV transmission and published prevention recommendations. An identified gap in recommendations is the lack of a system of referral of women found to have poor ART adherence to interventions designed to improve adherence. This could reduce viral load in many HIV-positive pregnant women, preventing them from transmitting the virus to their infants, and thus improving the efficacy of public health efforts to prevent mother-to-child HIV transmission.Nancy Glynn, PhD
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Over the past thirty-five years, the human immunodeficiency virus (HIV) and acquired immunodeficiency syndrome (AIDS) have grown into a worldwide epidemic. Globally, 35 million people (95% confidence interval: 33.2-37.2 million) are living with HIV or AIDS – about 0.8% of people aged 15-49 years worldwide (World Health Organization (WHO), 2015e). Prevalence varies widely between regions, nations, and sub-populations within these nations. In the Middle East and North Africa, prevalence among adults aged 15-49 years is estimated at a global low of 0.1%, while in eastern and southern Africa estimated prevalence is the highest in the world at 7.4% (Joint United Nations Programme on HIV and AIDS (UNAIDS), 2015). Within the eastern and southern African regions, prevalence also varies widely, from 0.3% in Madagascar to 27.7% in Swaziland (UNAIDS, 2015a).
[bookmark: _Toc438541788]HIV in women of childbearing age
Young women bear a disproportionate burden of new HIV infections worldwide. Young women aged 15-24 years are more likely to become infected with HIV than young men in the same age group – 60% of new infections among these adolescents and young adults occur in women (UNAIDS, 2014). This is due in part to higher HIV risk for women in heterosexual intercourse than for men (Centers for Disease Control (CDC), 2015), and in part to cultural norms of women marrying or having relationships with older men who are more likely to be infected (UNAIDS, 2014). Fortunately, women are more likely to be taking antiretroviral therapy – globally women make up 51% of the population eligible for antiretroviral therapy (ART), but 59% of the population receiving it (WHO 2015b).
Prevalence of HIV in pregnant women tends to mirror prevalence within the adult population. For example, HIV prevalence among pregnant women in Sub-Saharan Africa has been recently estimated at 5.3% (Eaton et al., 2014), where prevalence among adults is 7.4% (UNAIDS, 2015a). In the United Kingdom, where overall HIV prevalence is 0.33% (Central Intelligence Agency (CIA), 2015), HIV prevalence among pregnant women is 0.22% (Eaton et al., 2014). There is evidence that in some populations the proportion of pregnant HIV-positive women among all pregnant women is dropping, as the cohort that bears the highest burden of HIV ages out of their reproductive years (Aghaizu et al., 2013).
[bookmark: _Toc438541789]Mother-to-child HIV transmission
Mother-to-child HIV transmission is a serious concern in areas with high HIV prevalence among pregnant women. Without any medical intervention, risk of mother-to-child transmission ranges from 15-45% (WHO, 2015d). With effective interventions (chief among them the prompt treatment of pregnant women with highly active antiretroviral therapy, or HAART), risk of transmission can drop to very low levels (WHO, 2015d). By 2014, 73% of HIV-positive pregnant women annually were treated with HAART at some point during their pregnancy (UNAIDS, 2015b).
The WHO has recommended best practices for the management of HIV-positive pregnant women and infants born to HIV-positive mothers (WHO, 2015c). Prevention of mother-to-child transmission option A, recommended in 2010, consists of:
For the mother:
· If the CD4 count is 350 or less, HAART starting at diagnosis and continued for life
· If the CD4 count is over 350, azidothymidine (AZT) monotherapy starting at 14 weeks gestation or later and continued until partum
· If the CD4 count is over 350, single dose nevirapine (NVP) at onset of labor
· If the CD4 count is over 350, daily AZT/lamivudine through seven days postpartum, with the first dose given at the onset of labor
For the infant:
· Daily NVP from birth through 4-6 weeks of age if the mother is on lifelong treatment, or until one week after cessation of breastfeeding if the mother is not on lifelong treatment (WHO, 2015c)
Prevention of mother-to-child transmission option B was also implemented in 2010. This option recommends HAART for all HIV-positive pregnant women, whether or not they are eligible for lifelong therapy. Option B consists of:
For the mother:
· If the CD4 count is 350 or less, HAART starting at diagnosis and continued for life
· If the CD4 count is over 350, HAART starting at 14 weeks gestation or later and continued until one week after cessation of breastfeeding
For the infant:
· Daily NVP or AZT until 4-6 weeks of age (WHO, 2015c)
Options A and B for prevention of mother-to-child transmission proved to be accepted and popular in many countries, with some suggesting that lifelong HAART should be implemented for all HIV-positive pregnant women, regardless of CD4 count. Concurrently, new research showed that HAART use reduced the risk of HIV transmission to an uninfected partner. Therefore in 2012 the WHO added a new prevention of mother-to-child transmission option, option B+. This option recommends lifelong HAART for all HIV-infected pregnant women, and consists of: 
For the mother:
· HAART starting at diagnosis and continued for life
For the infant:
· Daily NVP or AZT from birth through 4-6 weeks of age (WHO, 2015c)
The majority of low- and middle-income countries instituted Option B+ by 2014. In September of 2015, the WHO began to recommend only Option B+ worldwide (WHO, 2015c). This is likely to increase the number of women on lifelong HAART, which will improve their own health as well as prevent vertical HIV transmission.
HAART is effective in reducing an HIV-infected person’s viral load to a very low, even undetectable, level (WHO, 2012). Viral load is one of the most significant predictors of whether a pregnant woman will transmit HIV to her child. The higher the viral load during pregnancy – especially during labor and delivery – the more likely the infant is to become infected (WHO, 2012). Because of this fact, viral load late in pregnancy is a metric used by clinicians to make care decisions like whether to recommend a woman for an elective caesarian section (caesarian delivery reduces transmission risk (Limpongsanurak, 2012)) and whether to test for drug resistances. The current WHO guidelines, which were updated in August 2015, recommend that the viral load be suppressed to undetectable levels as early as possible in pregnancy, and that a caesarian section be scheduled at 38 weeks if the viral load remains at or above 1,000 (WHO, 2015c).  It is also recommended that women with an elevated viral load be tested for drug resistance and complete an adherence assessment to determine why viral load has not been effectively reduced (WHO, 2015c). All infants born to HIV-infected mothers should undergo virologic assay testing, which tests for the presence of HIV RNA, at 4-6 weeks old. Children who test negative at this point should still undergo serologic testing, which tests for antibodies to the HIV virus, at nine months of age (WHO, 2015a).
Viral load of the mother near delivery is well established as an important risk factor for mother-to-child transmission (WHO, 2012). Consideration of viral load near delivery is included in WHO guidelines for ART initiation and prevention of mother-to-child transmission. Determinants of and associations with high viral load have been studied extensively. High viral load has been found to be associated with many factors, most prominently CD4 count of 200 or less, younger age, and relatively low adherence (Glass et al., 2015) (Yehia, Fleishman, Metlay, Moore, & Gebo, 2012). Somewhat less research has been done about the determinants of high viral load specifically amongst pregnant women. The risk factors that have been found in the general population may not be wholly generalizable to pregnant women, and therefore it may be valuable to complete more research of this type with study groups of pregnant women.
Prevention of mother-to-child HIV transmission globally is an issue with major public health significance. Despite reductions in mother-to-child transmission due to increased HIV screening in antenatal clinics and use of effective preventive measures for HIV-positive women, including increased use of any ART (WHO, 2015c) and a firm recommendation of HAART use among pregnant HIV-infected women (WHO, 2015c), there were still over 240,000 new HIV infections in children worldwide in 2013 (UNAIDS, 2014). These children will have higher health costs throughout their lives – the average annual cost of treating HIV in the United States is $19,912 (Centers for Disease Control and Prevention, 2013). HIV-infected children may also experience early death or disability if they are unable to access HAART. Because viral load at delivery has a strong association with risk of mother-to-child transmission, it has become a variable that is taken into account in international recommendations for the management of pregnant, HIV-infected women. Less research has been done on the causes of high viral load among pregnant women than among the general HIV-positive population. If these factors were identified, physicians and national and international public health infrastructure would have an additional tool to use when making care decisions with HIV-positive pregnant women. 
[bookmark: _Toc438541790]Essay Objective
The aim of this paper is to review the available literature to identify risk factors associated with high viral load in the third trimester of pregnancy and to identify gaps in the published literature. This essay will also identify implications for public health practice and policy change.   
[bookmark: _Toc438541791]METHODS
[bookmark: _Toc438541792]Search terms and reasoning
This paper is a narrative literature review with the initial literature search was conducted on October 6th 2015. The search was conducted in PubMed using the following search criteria:
((agents, antiretroviral[MeSH Terms]) OR (agents, anti hiv[MeSH Terms]) OR (antiretroviral therapy, highly active[MeSH Terms])) AND ((infections, hiv[MeSH Terms]) OR (human immunodeficiency virus[MeSH Terms]) OR (human immunodeficiency virus 1[MeSH Terms]) OR (human immunodeficiency virus type 1[MeSH Terms])) AND (infectious disease transmission, vertical[MeSH Terms]) AND (pregnancy[MeSH Terms]) AND ((viral load[MeSH Terms]) OR "viral load"). This search yielded 422 results (Figure 1). A total of 160 papers that were published over 10 years before the search date were discarded.  It was decided to limit this review to the past 10 years because of the huge effect the use of highly active antiretroviral therapy (HAART) had on mother-to-child transmission rates (WHO, 2015). HAART became widely used in high-income countries starting in 1996 (Moore & Chaisson, 1999). Uptake of HAART was slower in developing countries. Excluding papers published over 10 years ago from this study prevents the results from being biased by data collected in an era when HAART was not widely available.
[bookmark: _Toc438541793]Inclusion and exclusion criteria
In total, 262 abstracts were reviewed for inclusion in this review (Figure 1). Inclusion criteria were case-control, cohort, nested case-control, or clinical trial study design, routine use of HAART by participants, and inclusion of HIV-1 RNA viral load measured near delivery as an outcome variable. From this group, 170 papers were discarded because HIV-1 RNA viral load near delivery was not an outcome variable. Another 33 studies designed to test the safety and/or efficacy of various medications were also discarded. Further, 27 papers were discarded because they were discussions or letters, not peer reviewed studies. Also, 8 papers were excluded because they were case studies or case series, and did not have a formal study design, and had insufficient power to make significant conclusions. Seven papers were discarded because an HIV-1 RNA viral load measurement was not made either in the third trimester of pregnancy or no more than 14 days after delivery, and 4 papers were not included because participants were not on HAART regimens. Two papers were excluded because they were not published in English; one paper was not available from the University of Pittsburgh Health Sciences Library System. The full text of 10 papers that appeared to meet inclusion criteria were obtained and included in this literature review. 
[image: ]

[bookmark: _Toc438541495]Figure 1. Literature search methods for factors that influence viral load at delivery in HIV-positive pregnant women.
[bookmark: _Toc438541496]Pubmed search performed on October 6, 2015.
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[bookmark: _Toc438541795]Study Designs Characteristic of the Literature
Ten articles were included in this review. All were cohort study designs, and many utilized data collected from large-scale cohort studies of all HIV-positive pregnant women who gave birth in a country or region during the data collection period. Locations were widely varied. Two studies were set in the United Kingdom (French et al., 2013; Read et al., 2012), one in France (Jasseron et al., 2011), one in Italy (Monforte et al., 2014), two in the United States (Katz et al., 2015; Weinberg et al., 2009), one in Israel (Agmon-Levin et al., 2009), one in Benin (Denoeud-Ndam et al., 2013), one in multiple countries in South America (Kreitchmann et al., 2012), and one in multiple western European Countries (Thorne et al., 2010).
All were cohort study designs, although data was collected at different points. Five were prospective cohort designs (Denoeud-Ndam et al., 2013; Jasseron et al., 2011; Katz et al., 2015; Kreitchmann et al., 2012; Thorne et al., 2010), while five used a retrospective cohort design (Agmon-Levin et al., 2009; French et al., 2013; Monforte et al., 2014; Read et al., 2012; Weinberg et al., 2009). Seven studies defined the viral suppression levels used in their analysis (Agmon-Levin et al., 2009; Denoeud-Ndam et al., 2013; French et al., 2013; Jasseron et al., 2011; Katz et al., 2015; Monforte et al., 2014; Read et al., 2012). The levels at which viral suppression was set differed between studies and ranged from 40 HIV-1 RNA copies per mL to 1,000 HIV-1 RNA copies per mL. Levels were generally set at the lowest detectable level of the viral load test used in their population. In two studies, viral load was measured using various tests with different lower detection limits. Viral suppression was defined as a viral load below the lowest detectable level of the test used (Thorne, 2012; Weinberg et al., 2009).
[bookmark: _Toc438541796]Viral Suppression and its Correlates in the Literature
Among the studies that defined a viral suppression level (n=8), percentage of women who were virally suppressed near delivery was between 38% (Thorne, 2010) and 86.9% (Katz et al., 2015). The study with the 38% suppression rate was done in a population of women who were on HAART prior to pregnancy but still had a detectable viral load, indicating that their current treatment may have been failing (Thorne, 2010). All other papers that defined viral load showed a viral suppression rate over 60%. Mother-to-child transmission rates ranged from 0% (Monforte et al., 2014; Weinberg et al., 2009) to 3.6% (Agmon-Levin et al., 2009). Between all ten studies, fifteen distinct risk factors or protective factors for detectable or relatively high HIV-1 RNA copies per mL around the time of delivery were identified (Table 2, Table 3). These risk factors all remained significant in multivariate analysis, if multivariate analysis was done.
The risk factor detected in the highest number of studies was high baseline viral load. Four papers found that those with higher viral loads earlier in pregnancy were more likely to have an unsuppressed or higher viral load near delivery (Denoeud-Ndam et al., 2013; Katz et al., 2015; Monforte et al., 2014; Read et al., 2012). Read et al. (2012) found that compared to women with baseline viral load less than 10,000 copies per mL, the hazard ratio of an undetectable viral load at delivery was 0.68 (95% CI: 0.47-0.98; p=0.038) for women with baseline viral load between 50,000 and 100,000 copies per mL and 0.31 (95% CI: 0.19-0.5; p<0.001) for women with baseline viral load over 100,000 copies per mL. Monforte et al. (2014) found that women with a detectable viral load at baseline were more likely to have a detectable viral load near delivery (OR: 7.14; 95% CI: 1.87-33.33; p=0.006). Katz et al. (2015) found that women with a pretreatment viral load over 10,000 copies per mL had a higher viral load near delivery than women with a baseline viral load less than or equal to 10,000 copies per mL (p=0.007).  Denoeud-Ndam et al. (2013) found that women with a viral load >30,000 at enrollment were more likely to have a detectable viral load around delivery than women with a viral load ≤30,000 at enrollment (OR: 0.19; 95% CI: 0.08-0.46; p<0.0001). 
Race or ethnicity was found to have a significant association with likelihood of viral suppression at delivery by three papers, but these associations were not uniform in their direction or in which race or ethnicity was most affected (Denoeud-Ndam et al., 2013; Katz et al., 2015; Thorne et al., 2010). In Thorne’s 2010 paper, a different coefficient of change for HIV RNA levels in caucasian (0.0 – reference level) and black (0.49; 95% CI: 0.02-0.95; p=0.04) meant that in models black women had higher estimated viral loads at delivery than caucasian women. Katz et al. (2015) found that black women were more likely to have a viral load over 400 copies per mL at delivery than Hispanic women. Adjusted probability of detectable viral load in black women was 15.1% (95% CI: 11.7-19.3%), while among Hispanic women adjusted probability was 5.3% (95% CI: 3-9.2%). White women had a likelihood of viral suppression at delivery that was not statistically different from either black or Hispanic women (adjusted probability=4.9%; 95% CI: 1.9-11.8%).  Somewhat in contrast to other results, Denoeud-Ndam et al. (2013) found that women from Benin’s minority ethnic groups had greater odds of viral suppression at delivery than women born or assimilated into the majority ethnic groups.
Two papers found that a longer duration of HAART prior to the second viral load measurement or earlier initiation of HAART in pregnancy (indicating longer use of the medications before delivery) protected against high or unsuppressed viral load close to delivery (French et al., 2013; Katz et al., 2015). French et al. (2013) found that, compared to women who had less than two weeks of antiretroviral therapy prior to delivery, women with at least two weeks of antiretroviral therapy had lower odds of detectable viral load before delivery. The odds ratio for women with between 2 and 12 weeks (inclusive) of antiretroviral therapy compared to those with less than 2 weeks was 0.11 (95% CI: 0.06-0.23; p<0.001), and for women who had at least 13 weeks of antiretroviral therapy the odds ratio was 0.03 (95% CI: 0.01-0.06; p<0.001). Katz et al. (2015) found that women who started HAART in the third trimester were more likely to have a detectable viral load at delivery than women who started HAART in the second trimester. Adjusted probability of a detectable viral load at delivery was 6.6% for women who started HAART in the first trimester (95% CI: 3.5-12%), 9.5% for women who started in the second trimester (95% CI: 7-12.8%), and 20.8% for women who started in the third trimester (95% CI: 13.4-30.9%). 
Higher baseline CD4 count was found to be protective against detectable viral load at delivery by two papers (French et al., 2013; Thorne et al., 2010). Thorne (2010) found that women with a baseline CD4 count under 200 had a significantly different coefficient of change than women with a baseline CD4 count of at least 500. With baseline CD4 ≥ 500 as the reference variable (with a coefficient of change of 0.0), women with baseline CD4 under 200 had a relative coefficient of change of 0.78 (95% CI: 0.16-1.41; p=0.01). This led to the lower-CD4 group having higher estimated viral load at delivery in the model. French et al. (2013) found that women with a baseline CD4 count < 500 had significantly higher odds of detectable viral load at delivery than women with a baseline CD4 count of ≥ 500. With women in the highest baseline CD4 count group as the reference, relative odds were 1.5 for women with CD4 counts from 350-499 (95% CI: 1.2-1.87), 1.95 for women with CD4 counts from 200-349 (95% CI: 1.57-2.42), and 3.4 for women with CD4 counts under 200 at baseline (95% CI: 2.64-4.38).
Two papers found adherence to be a factor in predicting whether a women would have a detectable viral load at delivery (Kreitchmann et al., 2012; Weinberg et al., 2009). Kreitchmann et al. (2012) found that women who reported perfect adherence in the three days prior to their final prenatal visit were more likely to have an undetectable viral load than women who reported imperfect adherence (92.5% versus 64%, p=0.01). Weinberg et al. (2009) found that observed distribution of detectable and undetectable viral loads at various adherence levels (confirmed by pill count and medication event monitoring system (MEMS) caps) differed from expected distribution (p=0.06). However, they did not elaborate on this association. Among women with at least 95% adherence, 94% had a suppressed viral load at delivery, while among women with 50-95% adherence only 50% had a suppressed viral load at delivery. Only one participant was less than 50% adherent. At delivery her viral load was undetectable.
Two papers found that HAART boosted by a non-nucleoside reverse transcriptase inhibitor (NNRTI) was more effective in suppressing viral load among the study population than HAART boosted by a protease inhibitor (PI) (Thorne, 2010; French et al., 2013). In a linear regression model done by Thorne (2010), women on an NNRTI-boosted regimen had a significantly larger drop in viral load from baseline to delivery than women on a PI-boosted regimen With the coefficient for PI-boosted regimens set at 0, the coefficient for NNRTI-boosted was -0.48 (95% CI: -0.88, -0.07; p=0.02). French et al. (2013) found that women on NNRTI-boosted HAART had lower odds of a detectable viral load at delivery when PI-boosted HAART was the reference group (OR: 0.6; 95% CI: 0.49-0.74; p<0.001). However, in contrast to this the same team found that women who had taken an NNRTI-boosted regimen in a previous pregnancy were actually less likely to have an undetectable viral load than women who had taken a PI-based regimen in a prior pregnancy or were HAART-naïve during the current pregnancy (OR 1.81; 95% CI: 1.25-2.63; p=0.002).
Two studies that collected data over a period of several years found that women who enrolled in the study in later years were more likely to have a suppressed viral load at delivery than women who entered the study early (French et al., 2013; Monforte et al., 2014). 
Eight additional risk factors or protective factors were significantly associated with viral load near delivery in one paper each. French et al. (2013) found that women who were at least 25 years old when they delivered had lower odds of detectable viral load. Compared to the reference group of women under 25, women 25-34 years old had 0.76 times the odds of detectable viral load (95% CI: 0.63-0.92), and women 35 or over had 0.72 times the odds (95% CI: 0.56-0.92). Jasseron et al. (2011) found that women who did not disclose their HIV status to their romantic partner were more likely to have a detectable viral load at delivery than women who did disclose (35.4% versus 25.1%; p<0.01). Katz et al. (2015) found that women at the highest level of education they categorized – some college – had a higher adjusted probability of detectable viral load at delivery than women at the lowest level of education – eleventh grade or less. Women who had attended college had an adjusted probability of detectable viral load at delivery of 4.7% (95% CI: 2.2-9.7%), while women who didn’t finish high school had an adjusted probability of 14.4% (95% CI: 10.3-19.7%). In Weinberg et al.’s (2009) study, 65% of the women who enrolled (n=72) were offered social services, including case-management visits, food and cash assistance, and other services. Among the group offered social services, women who used them were more likely to have an undetectable viral load at delivery than women who did not (89% versus 83%; p=0.01). In Benin, Denoeud-Ndam et al. (2013) found several unique associations with odds of undetectable viral load at delivery. Employment status had a significant effect. With women without employment outside of the home as the reference group, women who were employed had 0.17 times the odds of undetectable viral load at delivery (95% CI: 0.05-0.56; p=0.003). Weight at study enrollment was also a significant factor. For each kilogram increase in weight, odds of an undetectable viral load at delivery were 1.05 times higher (95% CI: 1.01-1.1; p=0.02). Finally, regular attendance of the prenatal clinic was protective against a detectable viral load at delivery. Women who attended the clinic more than six times during their pregnancy had 3.55 times the odds of an undetectable viral load at delivery than women who attended six of fewer times (95% CI: 1.3-9.72; p=0.014).

35
[bookmark: _Toc313739535]Table 1: Table of Key Findings
	Citation
	Study Design and Population
	Defined Viral Suppression Level
	Key Findings

	Agmon-Levin et al. (2009) 
	Retrospective cohort design set in Israel; participants included all HIV- positive pregnant women who attended any of 6 Israeli HIV treatment centers during the data collection period. N=300.
	<1000 copies/ml 
	3.6% (n=11) of live-born infants were HIV-infected. 71% (n=162) of women on HAART had a suppressed viral load at delivery. The mother-to-child transmission (MTCT) rate was 8.9% among women with unsuppressed viral load and 0% among women with suppressed viral load. 

	Denoeud-Ndam et al. (2013) 
	Prospective cohort design set in Benin; participants included women treated at 5 urban hospitals in the South of Benin during the data collection period. N=117. 
	<40 copies/ml 
	The overall MTCT rate was 1.9% (n=3). 71% (n=155) of women had a suppressed viral load at delivery. Women without formal employment were more likely to have a suppressed viral load (OR: 0.17; 95% CI: 0.05-0.56; p=0.003). Women with viral load > 30,000 at baseline were less likely to have a suppressed viral load (OR: 0.19; 95% CI: 0.08- 0.46; p<0.0001). Women from a minority ethnic group were more likely to have a suppressed viral load (OR: 3.61; 95% CI: 1.15-8.71; p=0.084). Women who entered the study on HAART but experiencing virological failure (sustained viral load >1,000 copies/mL) were less likely to have a suppressed viral load at delivery (OR: 0.03; 95% CI: 0.004-0.21; p<0.0001). For each kilogram increase in weight, the likelihood that a woman would have a suppressed viral load at delivery increased slightly (OR: 1.05; 95% CI: 1.01- 1.1; p=0.02). Women who attended more than 6 prenatal visits were more likely to have a suppressed viral load at delivery (OR: 3.55; 95% CI: 1.3-9.72; p=0.014). 





Table 1 Continued
	French et al. (2013) 
	Retrospective cohort design set in the UK and Ireland; participants included women who did not conceive on HAART but received it during their pregnancy, both HAART-naïve and HAART-experienced. N=5,977. 
	<50 copies/ml 
	The MTCT rate was 1.1% (n=60). 95% CI for the MTCT rate was 0.9-1.4%. 74% of participants had a suppressed viral load at delivery. Women on NNRTI-boosted HAART had lower odds of a detectable viral load at delivery than women on PI-boosted HAART (OR:0.6; 95% CI: 0.49-0.74; p<0.001). However, women who had been on NNRTI-boosted HAART in the past had higher odds of a detectable viral load at delivery than either HAART-naive women or women who had taken a PI-boosted regimen in the past. (OR: 1.81; 95% CI: 1.25-2.63; p=0.002). Women 25 or older had lower odds of detetctable viral load (OR for women 25-34=0.76; 95% CI: 0.63-0.92; OR for women 35 and older=0.72; 95% CI: 0.56-0.92; p=0.007). Women who gave birth later in the study had lower odds of detectable viral load (p<0.001). Women treated for at least 2 weeks had lower odds of detectable viral load than women treated for under 2 full weeks (OR for women treated from 2-12 weeks=0.11; 95% CI: 0.06-0.23; OR for women treated for more than 12 weeks=0.03; 95% CI: 0.01-0.06; p<0.001). Women with CD4 counts less than 500 had higher odds of detectable viral load (OR for CD4 of 350-499=1.5; 95% CI: 1.2-1.87; OR for CD4 of 200-349=1.95; 95% CI: 1.57-2.42; OR for CD4<200=3.4; 95% CI: 2.64-4.38; p<0.001). 

	Jasseron et al. (2011) 
	Prospective cohort design set in France; participants included HIV-positive women who gave birth at any of 96 centers in France during the study period. N=2,952. 
	<50 copies/ml 
	The MTCT rate was 1% (n=20). 71.3% had a suppressed viral load at delivery. Women who did not disclose their HIV status to their partner were more likely than women who did disclose to have a detectable viral load at delivery (35.4% versus 25.1%; p<0.01). 





Table 1 Continued
	Katz et al. (2015) 
	Prospective cohort design set in the United States; participants included women who were HAART-naïve on enrollment and initiated HAART during pregnancy. N=671. 
	<400 copies/ml 
	The MTCT rate was 0.2% (n=1). 86.9% had a suppressed viral load at delivery. Black women were more likely to have a detectable viral load than Hispanic women (adjusted probability 15.1 versus 5.3%; p<0.001). Women who did not complete high school were more likely to have a detectable viral load than those who attended at least some college (adjusted probability 14.4 versus 4.7%; p=0.002). Women with a baseline viral load of at least 10,000 copies/ml were more likely to have a detectable viral load than women with a baseline viral load under 10,000 copies/ml (adjusted probability 12.9 versus 8.1%; p=0.007). Women who started HAART in the third trimester were more likely to have a detectable viral load than women who started HAART in the first trimester (adjusted probability 6.6 versus 20.8%; p=0.06). 

	Kreitchmann et al. (2012) 
	Prospective cohort design set in Argentina, Brazil, and Peru; particpants included women prescribed cART or HAART during their pregnancy who completed a self-report of adherence. N=393. 
	<400 copies/ml 
	No MTCT rate was reported. 78.1% (n=306) had a suppressed viral load at delivery. Women who reported perfect adherence at their pre-delivery visit were more likely to have a suppressed viral load than those who reported imperfect adherence (83% versus 64%; p=0.01). 

	Monforte et al. (2014) 
	Retrospective cohort design set in Italy; participants include all pregnancies resulting in live births from the ICONA foundation study group during the data collection period. N=169 pregnancies. 
	<50 copies/ml 
	The MTCT rate was 0% (n=0). 64.4% (n=96) of participants were virally suppressed at delivery. Women who gave birth earlier in the study period had lower odds of detectable viral load (OR for each additional year:0.83; 95% CI: 0.72-0.95; p=0.007). Women who had a detectable viral load early in pregnancy had higher odds of detectable viral load at delivery (OR: 7.14; 95% CI: 1.87-33.33; p=0.006). 





Table 1 Continued


	Read et al. (2012) 
	Retrospective cohort design set in the UK; participants include women who started HAART during pregnancy at 5 tertiary care centers in London and Brighton. The centers were chosen for their large HIV-positive pregnant caseload. N=378. 
	<50 copies/ml <1000 copies/ml 
	No MTCT rate was reported. 77.2% (n=292) of participants were virally suppressed at delivery. Women with a baseline viral load of 50,000 or above were less likely to have a suppressed viral load at delivery than women with a baseline viral load under 10,000 (for baseline viral load 50,000-100,000 HR=0.68; 95% CI: 0,47-0.98; p=0.38; for baseline viral load>100,000 HR=0.31; 95% CI: 0.19-0.5; p<0.001). 

	Thorne (2010) 
	Prospective cohort design set in western Europe; participants include women enrolled in the European Collaborative Study who conceived on HAART but had a detectable viral load. N=127. 
	not defined 
	The MTCT rate was 1.27% (95% CI: 0.21-6.1%; n=2). 38% (n=39) of participants were virally suppressed at delivery. The regression coefficient for viral load at delivery was significantly higher for women with baseline CD4 under 500 when baseline CD4 of 500 or greater was the reference level with a coefficient of 0 (for CD4 of 200-499 coefficient=0.37; 95% CI=0.02-0.73; p=0.04; for CD4<200 coefficient=0.73; 95% CI=0.25- 1.21; p=0.003). Black non-IV drug users had a significantly higher regression coefficient than white non-IV drug users (white as reference level; coefficient for black non-IV drug users=0.49; 95% CI: 0.02-0.95; p=0.04). 

	Weinberg et al. (2009) 
	Retrospective cohort design set in Denver, Colorado; participants include HIV-positive women whose pregnancies were managed by the Children Human Immunodeficiency Program in Denver. N=117. 
	not defined 
	The MTCT rate was 0% (n=0), with a 95% CI of 0-3%. 82% (n=80) of participants had a viral load under 400 copies/ml at delivery. Women with 50-95% adherence were more likely to have a detectable viral load at delivery than women with over 95% adherence (50% versus 6%; p=0.006). Women who utilized psychosocial support during their pregnancy were less likely to have a detectable viral load at delivery than women who did not utilize support (11% versus 37%; p=0.01). 



[bookmark: _Toc438541797]Discussion
[bookmark: _Toc438541798]Critical Analysis of the Identified Literature
Late presentation to prenatal care, late initiation of HAART, and suboptimal adherence to HAART are known to be the major risk factors for high viral load near delivery (French et al., 2013; Katz et al., 2015; Kreitchmann et al., 2012; Weinberg et al., 2009). The results of this literature review confirm this fact. 
Duration of HAART was identified as a factor associated with viral load near delivery by French et al. (2013), Katz et al. (2015), and Read et al. (2012). However, the length of time for which HAART must be used to reach the highest level of protection was fairly short. French et al. (2013) found that women who had taken 2-12 weeks of HAART and women who had taken greater than 12 weeks did not differ significantly in odds of detectable viral load at delivery. However, women who had less than 2 weeks of HAART had far greater odds of detectable viral load. Katz et al. (2015) Suboptimal adherence was found to be a risk factor for detectable viral load at delivery by Kreitchmann et al. (2012) and Weinberg et al. (2009). The third hypothesized risk factor, late presentation to prenatal care, was not identified as a statistically significant risk factor by any papers included in this literature review.
High baseline viral load was identified as a statistically significant risk factor by four papers, more than any other single risk factor. Katz et al. (2015), Monforte et al. (2014), Read et al. (2012), and Denoeud-Ndam et al. (2013) all identified high baseline viral load to be a risk factor for detectable viral load at delivery. These associations were strong and significant – three of four had p-values less than 0.01. High baseline viral load is an important risk factor for high viral load at delivery, and viral load measurements early in pregnancy should be paid the same attention that a high viral load measurement in the third trimester currently does.
The remaining thirteen risk factors are of varying strength and generalizability. Four of these factors were identified by more than one paper each. Thorne et al. (2010), Katz et al. (2015), and Denoeud-Ndam et al. (2013) found race or ethnicity to be associated with likelihood of viral suppression at delivery, but their findings are not generalizable. The direction of the associations found varied, and the racial and ethnic makeup of study populations also varied as the studies were set in Western Europe, the United States, and Benin respectively. Katz et al. (2015) found that black women were more likely to have a detectable viral load at delivery, but only when compared to Hispanic women – there was no significant viral load difference from white women. The black women in Thorne et al.’s (2010) study for the most part originated in Sub-Saharan Africa, whereas the black women in Katz et al.’s (2015) study were mostly African-American. There were no Hispanic women in Thorne et al.’s (2010) sample. Perhaps most surprisingly compared to conventional wisdom, Denoeud-Ndam et al. (2013) found that women of minority ethnic groups were more likely to have a suppressed viral load at delivery than majority group or assimilated women. These three studies were set in locations with hugely different ethnic and cultural makeup, and thus their results in this case cannot be generalized. Race or ethnicity should not be considered either a risk or protective factor without further research.
Low baseline CD4 count was identified as a risk factor by two papers. The effect was most prominent when women with CD4 counts under 500 were compared to those with CD4 counts of 500 or above. Both Thorne et al. (2010) and French et al. (2013) found that women with CD4 counts above 500 were at significantly less risk of unsuppressed viral load at delivery. French et al. found that in addition to this comparison, women with CD4 counts under 200 had higher odds of detectable viral load than women with CD4 counts of 200 to 499.  These numbers are significant because a CD4 count of 500 is the lower limit of the range of healthy CD4 counts, and a CD4 count of 200 is the upper limit at which a diagnosis of AIDS is made. Baseline CD4 count was identified as a significant risk factor by only two papers, but only one additional paper (Jasseron et al., 2013) published the results of statistical analyses with baseline CD4 count as a factor. The similarities between results in the two papers that found baseline CD4 count to be a significant factor suggest that these results may be generalizable. This risk factor should be given serious consideration, and should not be left out of data collection or analysis.
Two papers (French et al., 2013; Thorne et al., 2010) found that NNRTI-boosted HAART was more effective in decreasing viral load in pregnant women than PI-boosted HAART. French et al. (2013) also found that women who had taken an NNRTI-boosted regimen in a prior pregnancy, stopped taking it, and then restarted any HAART regimen during their current pregnancy had lower odds of viral suppression at delivery than HAART-naïve women and women who had been on only PI-boosted regimens in the past. Although NNRTI-boosted regimens seem to be more effective for most HIV-positive pregnant women, these results suggest that they may not be the best choice for women who intend to discontinue HAART after pregnancy. Because use of HAART only for prevention of mother-to-child transmission is common for women in the early stages of HIV in certain locations, this is an important consideration to make. Research has shown that NNRTI-boosted regimens have no benefit over PI-boosted regimens when used as a first treatment (Highleyman, 2014), but resistence to NNRTIs is developed quickly, often after only a single intrapartum dose (Arrivé et al., 2007). 
Two studies that collected data from 2000-2010 (French et al., 2013) and 1997-2013(Monforte et al., 2014) found that women who gave birth in later years of the study had higher odds of suppressed viral load at delivery than women who gave birth earlier. This is likely due to improvement in standards of care for prevention of mother-to-child transmission over the decade and more that these studies were conducted.
Eight risk factors were identified by one paper only. Although many of these associations are interesting and worthy of further study, there is as yet insufficient evidence to consider these risk factors to be at all generalizable.
[bookmark: _Toc438541799]Strengths and weaknesses of the Identified Literature
The body of literature used in this review has several weaknesses. The research used was conducted over nearly two decades and on four continents. While this is a strength in some ways – risk factors identified by multiple studies conducted in vastly different locations and conditions are likely more generalizable – it also makes it difficult to determine whether study results are truly comparable with each other. Many characteristics of participants varied by the location and time period – it is possible that differences in risk of detectable viral load at delivery are due to these factors rather than the characteristics under study. 
Another limitation is the small scope of certain papers. Various studies considered in this literature review were designed to examine one specific risk factor. Data was not collected or reported on the many other potential risk factors. This is the main reason why so many distinct risk factors were identified, and why so many risk factors were identified by only one study each.
The body of literature also lent certain strengths to this review. First, the variation in time and place gave results more generalizability. Associations that were identified by multiple papers are not just the effects of a certain location, time period, or situation. The use of cohort study designs was able to establish temporality in the relationships between exposure and outcome that were assessed. All studies in this review collected data from multiple well-documented time points during the pregnancy. This helps to ensure that the associations identified are causal in nature. Another strength is the very large sample sizes and very representative samples in certain papers. Several papers included almost all HIV-positive women who gave birth in the country or region during the data collection period. Finally, the majority of studies performed multivariate analyses that adjusted for a variety of potential confounders. This increases the likelihood that the results captured are valid.
[bookmark: _Toc438541800]Public Health Practice Implications
As already discussed in this paper, the global public health infrastructure has responded to the epidemic of HIV among reproductive-aged women with targeted recommendations. Several risk factors for high viral load near delivery that were identified by the literature reviewed here are consistent with well-known risk factors for vertical transmission, as well as current recommendations for the clinical care of pregnant women with HIV (Anderson, 2013). For instance, low maternal CD4 count is a known risk factor for vertical transmission, and the U.S. Department of Health and Human Services (HRSA) recommends that CD4 count be measured and taken into account when determining transmission risk (Anderson, 2013). Adherence to ART is another important risk factor, and HRSA recommendations suggest that pregnant HIV-positive women who sustain a high viral load be assessed for adherence level (Anderson, 2013).
ART adherence among pregnant and post-partum women is far from universally optimal. A meta-analysis using data from low-, middle-, and high-income countries found that only 75.7% (95% CI: 71.5-79.7%) of HIV-positive pregnant women had greater than 80% adherence to their ART (Nachega et al, 2012). At the same time, there are existing interventions targeted at improving adherence in many locations, many of which have been demonstrated to be effective. In a meta-analysis of adherence interventions set in Africa, enhanced adherence counseling, weekly SMS (text message) counseling, weekly SMS plus enhanced adherence counseling, and connection with personal adherence supporters were found to be associated with increased self-reported adherence and, to a lesser extent, decreased viral load (Mills et al., 2014). Another meta-analysis of adherence interventions from Sub-Saharan Africa also found that SMS counseling was effective at increasing participants’ adherence.  Several other meta-analyses also found that SMS counseling improved patient adherence (Finitsis, Pelowski, & Johnson, 2014; Mathes, Antoine, & Pieper, 2014; Mbuagbaw et al., 2013). Finally, a study found that lower pill burden and prescription of therapies that only required once-daily antiretroviral therapy regimen resulted in improved adherence and virological suppression (Nachega et al., 2014). 
The standard prevention of mother-to-child transmission guidelines from WHO and HRSA discuss the importance of good ART adherence for reducing transmission risk, and recommend adherence testing for pregnant HIV-positive women who sustain a high viral load (Anderson, 2013; WHO, 2015c). However, these guidelines do not include a specific recommendation that women with demonstrated sub-optimal adherence be referred to participate in any interventions whose aim is to improve ART adherence. The existing research on adherence among HIV-positive pregnant women (Nachega et al., 2012), the importance of adherence in reducing viral load in both the general HIV-positive population and specifically among pregnant women (Glass et al., 2012), and the existence of evidence-based adherence interventions (Finitsis, Pelowski, & Johnson, 2014; Mathes, Antoine, & Pieper, 2014; Mbuagbaw et al., 2013; Mills et al., 2014; Nachega et al., 2014) indicate that this oversight may be a fillable gap in policy recommendations.
The World Health Organization, HRSA, and other organizations should revise their recommendations for the prevention of mother-to-child transmission to include standard referral of women with sub-optimal adherence to appropriate interventions. In locations with existing adherence interventions in the public health infrastructure, women should be enrolled if possible. In locations where such programs are not available but HIV prevalence is relatively high, the local duplication of evidence-based adherence interventions should be a priority for local public health operations.
Finally, HIV-positive women who could potentially become pregnant must be able to access HIV care, including testing that can inform care decisions. Regular viral load and CD4 monitoring has become standard for HIV care. This should continue and special care should be taken to ensure that pregnant women and women who may become pregnant have affordable and easy access to these services, and that providers are careful to offer these services to all HIV-positive pregnant women that come into their care.
[bookmark: _Toc438541801]opportunities for further research
The body of research presented here suggests several areas where future research would be beneficial. First, there are relatively few papers that examine viral load specifically during pregnancy and the effect that various clinical, demographic, and behavioral characteristics of the mother may have on viral load. In this review, a fairly broad PubMed search returned only ten papers that met inclusion criteria. Because of the unique challenges and biological factors of treating HIV during ante- and intra-partum (for instance, a limited period of time to reduce viral load before delivery, and potentially different progression characteristics during pregnancy and post-partum (Calvert & Ronsmans, 2014)), this field of study and practice may benefit from further research.
A few specific risk factors identified by several papers in the sample are such that it may be beneficial to target research towards better understanding of these risk factors. Thorne et al. (2010), Katz et al. (2015), and Denoeud-Ndam et al. (2013) found that race or ethnicity of the mother had a significant association with viral load at delivery. These associations were likely due to confounders that were not adjusted for in the study design. Further research could determine what these confounders are, how and why they result in women of different races having different odds of viral suppression at delivery, and their relationship with viral load at delivery.
More research should also be done on adherence to ART, particularly into the efficacy of ART adherence interventions among pregnant women. Because viral load must be reduced to a low level by the end of pregnancy to minimize the chances of transmission (WHO, 2012), it should be determined which types of interventions improve adherence rapidly enough to accomplish a reduction in viral load before delivery. Another opportunity for research may lie in comparing HIV-positive women who participate in adherence interventions to those who do not. It may be hypothesized that women who participate in these interventions may have better maternal and infant outcomes – more research into this topic would determine whether this is the case, and to what degree adherence interventions during pregnancy improve these outcomes.
[bookmark: _Toc438541802]Conclusion
We confirm that late initiation of or short time on HAART as major risk factors for unsuppressed viral load at delivery (French et al., 2013; Katz et al., 2015; Read et al., 2012), and two papers identified poor adherence as a risk factor (Kreitchmann et al., 2012; Weinberg et al., 2009). Neither of these risk factors was the factor most frequently identified (that is high baseline viral load, identified by four separate papers (Denoeud-Ndam et al., 2013; Katz et al., 2015; Monforte et al., 2014; Read et al., 2012)), and late presentation for prenatal care was not identified as a risk factor by any papers.
Clearly, HAART should be started as early as possible and all efforts should be made to encourage adherence – both of these risk factors seem to be very important. Baseline viral load should also be measured and the level used to inform HIV care during the prenatal period as well as childbirth and feeding plans, as is indicated in WHO and HRSA guidelines for the management of HIV-positive pregnant women (WHO, 2015c, Anderson, 2013). 
Other risk factors identified here open opportunities for policy or recommendation change or avenues for further research. Additional research should be done to determine why race was associated with viral load differences at delivery – are there perhaps undetected confounders at work here? The association between adherence and viral load at delivery (Kreitchmann et al., 2012; Weinberg et al., 2009), as well as high prevalence of sub-optimal adherence during pregnancy (Nachega, 2012) present an opportunity for programming to improve adherence among pregnant women. Revised recommendations and evidence-based programs to improve adherence among pregnant women may very well improve outcomes.
Viral load at delivery has been acknowledged as a very important determinant of whether a mother will transmit HIV to her infant (WHO, 2012). However, many women retain a high viral load despite HAART treatment. This is likely due to high baseline viral load, short time on HAART, and poor adherence to treatment. While current recommendations for the management of HIV-positive pregnant women recognize and address these risk factors, there is still room for more specific recommendations, more public health programming, and therefore an improved standard of care for HIV-positive pregnant women.
[bookmark: _Toc438541803]Public Health Significance
The topic of HIV in pregnancy and prevention of mother-to-child transmission is one that has been well studied. Highly effective drug therapies have been developed and made available to the majority of HIV-positive pregnant women (UNAIDS, 2015b). This has resulted in a reduction of mother-to-child transmission to a very low level (WHO, 2015d).
However, there is still opportunity for improvement. While vertical transmission of HIV has been declared “eliminated” in 17 countries (or rather reduced to a very low level), most countries still have recent documented vertical HIV transmissions (PAHO/WHO, 2015). This includes many industrialized nations with strong public health infrastructure. There is still opportunity for improvement in this area. The first and foremost priority should be caring for women, particularly HIV positive women. HIV testing of all women of childbearing age can lead to early identification of HIV and linkage to treatment for HIV-positive women. This is a critical step in improving quality of life for HIV-positive women as well as preventing vertical transmission. Women around the world who are HIV-positive face other challenges, including stigma, discrimination, unstable housing, and poverty (AVERT, 2015) that must also be addressed through provision of support services before and after, in addition to during, pregnancy.   Community education is essential to address the issues of HIV stigma through the development of programs that provide accurate information on HIV and make use of peer support.
There are clear guidelines for the management of HIV-positive women during pregnancy. These guidelines have evolved over time, and now consist of a blanket recommendation of lifelong HAART to all pregnant HIV-positive women (WHO, 2015c). While this will likely further reduce transmissions and improve maternal and infant outcome, it may not be enough to prevent all transmissions. Factors other than HAART use can also be addressed in order to improve care and reduce transmission. For example, the factors discussed in this paper, particularly length of HAART use before delivery, baseline viral load, baseline CD4 count, and adherence have been shown to have significant associations with viral load at delivery by multiple studies. Treatment of HIV-positive pregnant women may be improved by taking these factors into account and addressing them with recommendations and programs.
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