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ABSTRACT 
 
HIV, or human immunodeficiency virus, is a virus that targets the human body’s immune system and weakens it so 
that it struggles to defend against other pathogens designed to harm the body. In order to enhance immune health and 
decrease the transmission of HIV, patients who have HIV are treated with antiretroviral therapy, or ART, a treatment 
that seeks to reduce the replication of HIV by disrupting a specific portion of the HIV replication cycle. However, 
while it does reduce the vertical transmission of HIV between mother and fetus, the use of antiretroviral therapy during 
pregnancy can have adverse impacts on the size of the placenta and the development of the fetus. Through the study 
of various research papers, a distinct connection between the use of antiretroviral therapy and the placenta size and 
fetal development was made. Analyzing the placenta and birth characteristics of fetuses from both women with and 
without HIV, overall the placentas of mothers with HIV taking ART drugs had smaller diameters, weights, and areas, 
along with an irregular shape, than mothers without HIV; the fetuses of mothers with HIV taking ART drugs had 
smaller weights at birth, weeks of gestation at birth, and birth weight centile than fetuses of mothers without HIV. 
Exploring the impacts of antiretroviral therapy on placenta size and fetal development, this comprehensive research 
aims to assist researchers in creating safer and improved antiretroviral drugs to treat mothers with HIV that promote 
both the health of the mother and the development of the child. 
 

Introduction 
 
HIV, short for human immunodeficiency virus, is an enveloped retrovirus consisting of two copies of a single-stranded 
RNA genome; classified as either HIV-1 or HIV-2, the virus fuses with cell membranes of CD4+ T cells (white blood 
cells) and integrates itself into the host genome, allowing it to rapidly make copies of itself to infect other cells and 
kill the CD4+ T cell host itself. HIV infection can be diagnosed through a fourth-generation assay, which identifies 
specific HIV antibodies and antigens, a rapid test, which uses blood or saliva to identify the infection quickly, or a 
PCR test, which displays how much of the virus is in the blood; more often than not, a combination of these tests is 
performed to determine if an individual has HIV. In 2019, 38 million people were HIV+, 1.7 million people became 
affected, and 690,000 people died of HIV disease, with a 24% increase in HIV infections in the population due to 
growth despite the decreased mortality rates; about 1.3 million women living with HIV become pregnant each year. 
Statistics display significant racial and ethnic disparities of HIV infection, as black people are twice as likely as His-
panic people and eight times as likely as white people to contract HIV. 

While there is no definite cure for HIV, there are effective treatments for the virus. Antiretroviral therapy, 
more commonly known as ART, is a remedy that decreases the replication of HIV, reduces the sexual transmission of 
the virus between partners, and could eventually curtail the spread of HIV throughout the population. Highly recom-
mended for all people diagnosed with HIV, especially pregnant people, this treatment continues throughout an HIV+ 
individuals’ lifetime. However, while ART greatly promotes maternal and fetal health by preventing, to a certain 
degree, the transmission of HIV from the mother to the child, increasing evidence suggests that ART poses risks to 
the development of the fetus. This research paper seeks to explain the effects of ART on the placenta, the organ that 
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regulates the metabolic processes for fetal growth, and on the fetus’ physical development at birth. Additionally, this 
comprehensive research on the connection between ART, placenta size, and fetal development can potentially assist 
researchers in their endeavors to improve ART to treat HIV+ mothers, without affecting the growth of their offspring.  
 

History of HIV and AIDS 
 
Although the first reports of the HIV disease came much later, the history of HIV began in Central and East Africa, 
specifically in Kinshasa, Democratic Republic of Congo (DRC), and Cameroon. Chimpanzee populations in Came-
roon were identified to have simian immunodeficiency viruses (SIVs), which are closely linked to the lineage of HIV-
1, suggesting the transmission of the disease to humans from the primates. The HIV-1 group M in humans originated 
in Kinshasa by the early 1920s and continued migrating all throughout the DRC to the neighboring cities of Brazza-
ville, Lubumbashi, and Mbuji-Mayi by the late 1930s and Bwamanda and Kisangani by the 1940s and 1950s respec-
tively. The group M virus can be further classified into subtypes, with subtype C constituting over 50% of HIV cases 
globally as the disease became a pandemic affecting the entire world. 

In the United States, the first report of the disease was in 1981 amongst younger, originally healthy homo-
sexual men in Los Angeles, California as an abnormal cluster of Kaposi's Sarcoma and Pneumocystis carinii Pneu-
monia; this eventually became known as AIDS, short for acquired immunodeficiency syndrome. By 1982, case studies 
suggested that AIDS was spread through bodily fluids and exposure to contaminated blood, through a report of an 
infant suffering with the disease after receiving a blood transfusion from a donor with AIDS. HIV was identified to 
be the cause for AIDS by the US National Institutes of Health team led by Gallo and the Institut Pasteur team led by 
Montagnier and Barré-Sinoussi, and this discovery pioneered a global research effort to understand the disease and 
potentially overturn the tragic consequences of its pandemic. 
 

The Virology and Pathology of HIV 
 
As mentioned above, HIV can be classified as either HIV-1 or HIV-2, with the difference characterized by the organ-
ization of its individual retrovirus genomes. However, the structure of HIV remains identical for both types with the 
presence of the fundamental genes gag, pol, and env. The gag gene is responsible for the core structural proteins in 
the capsid and the matrix, which are p24, p7, p6, and p17. The pol gene is responsible for the enzymes reverse tran-
scriptase, integrase, and protease; involved in HIV replication, reverse transcriptase converts viral RNA into DNA, 
integrase fuses the viral DNA into the host DNA, and protease breaks down the polyproteins in the HIV cell. The env 
gene is responsible for the envelope glycoproteins gp120 and gp41, which identify cell receptors on its surface. The 
HIV cell itself is composed of a lipid membrane encasing the matrix protein, the structural proteins in the capsid, the 
enzymes, and the RNA genome, with the glycoproteins on the surface of the membrane; it has a diameter of roughly 
100 nanometers. Figure 1 details the individual components of the HIV cell. 

 
Figure 1. Diagram of an HIV cell with the individual components labeled. Adapted from “HIV”, by BioRender.com 
(2022). Retrieved from https://app.biorender.com/biorender-templates. 
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The HIV cell is able to multiply and spread rapidly since its individual components all work to produce more 
viral cells through its replication process. The first step is the attachment of the HIV cell to the host cell; this occurs 
from the binding of the glycoprotein gp120 to the CD4 receptor on the CD4 cell. Once this happens, the viral cell 
alters its shape in order for the gp120 to bind to the human chemokine receptors on the surface of the CD4 cell, which 
can be either CCR5 or CXCR4. Once the cells are bound together by this attachment, the HIV cell and host cell 
membranes fuse together; this allows the contents of the viral cell, which are the HIV RNA, reverse transcriptase, 
integrase, and viral proteins, to enter the cytoplasm of the CD4 cell. Next, the reverse transcriptase forms the viral 
DNA by transcribing the viral RNA into a double helix DNA, which is then transported through the nucleus of the 
host cell. Once within the nucleus, the DNA is incorporated into the DNA within the CD4+ T cell genome by the 
integrase, which breaks the nucleotides of each of the 3’ ends of the DNA to attach it to the host genome; this enables 
the formation of proviruses. Then, following cell activation, the provirus DNA is transcribed into a messenger RNA, 
leading to the formation of regulatory HIV proteins like Tat and Rev, which facilitate HIV RNA transcription. The 
RNA, enzymes, and proteins exit the nucleus to move to the cytoplasm, where the new HIV cells are synthesized. The 
structural gene env creates the glycoprotein spikes of gp120 and gp41 for the HIV cell surface, while gag and pol 
create the nucleus of the viral cell; the core proteins, cleaved by the enzyme protease, create the viral capsid, which 
encapsulates the viral RNA. This immature virus moves closer to the surface of the cell where it is cleaved into 
infectious particles by the protease; once budded through the cell membrane, it is matured and released. 

 
 
Figure 2. Diagram of the HIV replication cycle. Adapted from “HIV Replication Cycle”, by BioRender.com (2022). 
Retrieved from https://app.biorender.com/biorender-templates. 
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Antiretroviral Therapy 
 
Antiretroviral therapy, shortened to ART, is drug therapy to stop or slow the replicative process of HIV. The main 
goals of ART are to, “achieve and maintain suppression of plasma viremia to below the current assays’ level of de-
tection; improve overall immune function as demonstrated by increases in CD4+ T cell count; prolong survival; reduce 
HIV associated morbidity; improve overall quality of life; and reduce risk of transmission of HIV to others (Pau et al, 
2014). There are six classes of ART drugs, with over thirty types of medications across all the classes; most often, a 
combination of drugs is used to combat HIV as these different classes target HIV in different ways. Figure 3 exhibits 
the categorization of the various FDA approved ART drugs into its different classes.  
 

Drug 
Class 

NRTI NNRTI INSTI PI 
Entry In-
hibitors 

Attachment and 
Post-Attachment 

Inhibitors 

FDA Ap-
proved 
Drug 

- Abacavir 
- Didanosine 
- Emtricitabine 
- Lamivudine 
- Stavudine 
- Tenofovir di-
soproxil 
- Tenofovir 
alafenamide 
- Zalcitabine 
- Zidovudine 

- Delavirdine 
- Doravirine 
- Efavirenz 
- Etravirine 
- Nevirapine 
- Rilpivirine 
 

- Bictegravir 
- Dolutegravir 
- Elvitegravir 
- Raltegravir 
- Cabotegravir 
 

- Amprenavir 
- Atazanavir 
- Darunavir 
- Fosamprenavir 
- Indinavir 
- Lopinavir 
- Nelfinavir 
- Saquinavir 
- Ritonavir 
- Tipranavir 

- CCR5 in-
hibitors: 
maraviroc 
- Fusion 
Inhibitors: 
enfuvirtide 

- Attachment In-
hibitors: fostem-
savir 
- Post- Attach-
ment Inhibitors: 
Ibalizumab  

 
Figure 3. Table of the six different classes of antiretroviral therapy drugs and the various medications under each. 
Abbreviations: NRTI = nucleoside reverse transcriptase inhibitor, NNRTI = non-nucleoside reverse transcriptase in-
hibitor, INSTI = integrase strand transfer inhibitor, PI = protease inhibitor. Information from “Antiretroviral Therapy: 
Current Drugs” (Pau et al, 2014) and “Types of Antiretroviral Medications” (Pebody 2021).  
 

The first class of antiretroviral drugs the FDA approved are nucleoside reverse transcriptase inhibitors, NRTI 
for short. These drugs target the HIV protein reverse transcriptase, which converts viral HIV RNA into DNA. By 
disrupting the conversion of the RNA once incorporated into the viral DNA, NRTIs have the ability to stop the reverse 
transcription process and HIV replication. As HIV medication works best as a combination of drugs, NRTIs are the 
backbone of these combinations.  

The next class of antiretroviral drugs approved are non-nucleoside reverse transcriptase inhibitors, NNRTI 
for short. These drugs also target reverse transcriptase, but differently to NRTIs. Rather than disrupting the process of 
transcription, NNRTIs bind to the enzyme directly, stopping the reverse transcriptase process.  

An additional class of approved antiretroviral drugs are integrase strand transfer inhibitors, INSTI for short. 
These drugs disrupt the integrase enzyme, a protein that activates the union of the host cell DNA and the HIV DNA. 
Thus, they prevent the integration of HIV DNA into the host cell.  

Another class of approved antiretroviral drugs are protease inhibitors, PI for short. These drugs bind to HIV 
proteases, enzymes that split up cell polyproteins to assemble HIV particles in the cell. They block its activity, result-
ing in the virus’ inability to produce mature HIV particles within the cell.  
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The next class of antiretroviral drugs approved by the FDA are entry inhibitors, which treat HIV by prohib-
iting the virus from entering the human cells. The two types of entry inhibitors are CCR5 inhibitors and fusion inhib-
itors. CCR5 inhibitors disrupt the coreceptor CCR5, which is one of the two receptors on the cell surface HIV must 
bind with in order to insert itself into the cell. Fusion inhibitors prohibit the combination of the CD4 cell and the HIV 
envelope protein.  

The final class of approved antiretroviral drugs are attachment and post-attachment inhibitors. Attachment 
inhibitors prevent HIV from attaching to the CD4 receptor on the immune cells by binding to the gp120 portion of the 
HIV envelope protein. Post-attachment inhibitors prevent the gp120 portion of the HIV envelope protein from trans-
forming itself to attach to the CD4 receptor by binding to the CD4 receptor. 

Figure 4 displays the target sites for the various ART drugs within the HIV replication cycle.  
 

 
 
Figure 4. Diagram of the HIV replicative cycle with ART sites labeled. Adapted from “HIV Sites for Therapeutic 
Intervention”, by BioRender.com (2022). Retrieved from https://app.biorender.com/biorender-templates.  
 

The Effect of Antiretroviral Therapy on Placenta Size 
 
People who are HIV+ utilize ART drugs to help them effectively treat their disease. Thus, women who are HIV+ and 
pregnant take ART drugs in order to reduce the vertical transmission of HIV to their offspring. However, the drugs 
can have negative impacts on the development of the placenta, the organ that attaches to the side of the uterus during 
pregnancy and is responsible for maintaining and regulating the essential life processes for fetal growth, which are 
nutrient and oxygen transfer and waste removal. Compared to HIV- women, HIV+ women taking ART drugs have 
decreased placenta diameters, smaller placenta areas, and lower placenta weights, suggesting a connection between 
ART and placenta size. Those undergoing ART are more likely to have smaller placentas, and in general, it can be 
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concluded that smaller placentas are more frequently found within a population of HIV+ women compared to a pop-
ulation of women without HIV. Moreover, placentas from HIV+ women have a slightly greater deviation from its 
conventional circular shape. Traditionally, the chorionic plate, which is the fetal side of the placenta, is circular. This 
ensures optimal growth and development for the placenta and the fetus as that is the section of the placenta where the 
umbilical cord, the link between the mother and the fetus that facilitates the transfer of oxygen and nutrients and the 
removal of waste, attaches. However, if the chorionic plate is irregularly shaped, the resulting abnormal placenta 
structure can be linked to its potentially diminished functionality. There exists a significant correlation between devi-
ations to the standard circular shape of the placenta and the efficiency of the placenta; this further demonstrates how 
ART detrimentally impacts placenta size by impacting its purpose. Figure 5 displays the association between ART 
and placenta size by showing its impacts on the diameters, areas, and weights of the placenta as well as on the shape 
through the measure of the relative symmetric difference from the standard placenta structure.  
 

 
 
Figure 5. Graph of the characteristics and measurements of the placenta. Information from “Exploring the impact of 
HIV infection and antiretroviral therapy on placenta morphology” (Yampolsky et al., 2021).  
 

The Effect of Antiretroviral Therapy and Placenta Size on Fetal Development 
 
Ultimately, as the effects of the ART on the placenta can result in reduced placenta functionality and efficiency from 
the placenta’s smaller size and abnormal shape, ART can have a harmful impact on the physical development of the 
fetus. Compared to HIV- women, HIV+ women taking ART drugs have offspring that have smaller birth weights, are 
less weeks gestation at birth, and are in a lower birth weight centile, suggesting a connection between ART, placenta 
size, and fetal development. As placental weight is roughly proportional to the birth weight of the offspring, a lower 
placental weight will subsequently lead to the offspring having a lower weight at birth as placental growth patterns 
and fetal growth patterns are intrinsically linked. Additionally, placental weight is roughly proportional to the fetus’ 
weeks gestation at birth; there is a strong correlation between the two as a lower placental weight will result in the 
offspring having a smaller gestational age. The difference in the birth weight centile, which is the measurement for if 
the fetus is small, average, or large for gestational age, also indicates the discrepancy in development when comparing 
offspring from HIV- and HIV+ mothers. The infants from HIV+ mothers are more likely to be small for gestational 
age compared to infants from HIV- mothers, further showing how ART adversely affects placenta size, which in turn 
impacts fetal development. Figure 6 displays the association between ART, placenta size, and fetal development by 
showing their impacts on the birth weight, weeks gestation at birth, and birth weight centile of the fetus.   
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Figure 6. Graph of the characteristics and measurements of the fetus at birth. Information from “Exploring the impact 
of HIV infection and antiretroviral therapy on placenta morphology” (Yampolsky et al., 2021). 
 

Conclusion 
 
HIV has historically been a disease that has greatly impacted the world. As its virology and pathology was analyzed, 
various research efforts globally found a treatment for HIV – antiretroviral therapy. ART has been a revolutionary 
discovery in the fight against HIV and AIDS as it effectively manages the virus in patients and plays a great role in 
reducing the transmission of the disease to future offspring. However, these drug treatments, when taken by pregnant 
HIV+ mothers, can negatively impact these future offspring by limiting their development, by means of the placenta 
and their physical growth. The research articles studied in this paper display a clear link between the use of ART and 
the placenta size and fetal development, as in most cases, ART leads to smaller placenta sizes and reduced fetal de-
velopment when looking at the characteristics of the placentas and fetus at birth from women who are HIV- and HIV+. 
Generally, the placentas of HIV+ mothers had lower diameters, weights, and areas as well as a more irregular shape 
compared to the placentas of HIV- mothers. Additionally, the fetuses of HIV+ mothers had lower weights at birth, 
weeks gestation at birth, and birth weight centile compared to the fetuses of HIV- mothers. This research has extensive 
implications as it intends to help researchers in their endeavors to create safer antiretroviral therapy drugs. Through 
further research investigating the effects of ART on additional factors that influence fetal development in a larger, 
more diverse, yet matched population, researchers can further explore how ART can be improved to not only reduce 
vertical transmission of HIV but also limit the consequences and repercussions on the fetal development of offspring 
from HIV+ mothers. In conclusion, these findings demonstrate how antiretroviral therapy can significantly affect the 
development of future generations that warrant continued study.  
 

Acknowledgments 
 
I would like to thank and express my deepest appreciation to my parents for unconditionally supporting me through 
the process of forming my research paper and always encouraging my intellectual curiosity. I am also extremely 
grateful for the mentorship of Dr. Rajagopal Appavu and Coach Jothsna Kethar, who have guided me through creating 
my research paper and have helped me discover the research I am passionate about. 
 
 

Volume 12 Issue 2 (2023) 

ISSN: 2167-1907 www.JSR.org 7



 

 

References 
 
Barré-Sinoussi, F., Chermann, J. C., Rey, F., Nugeyre, M. T., Chamaret, S., Gruest, J., Dauguet, C., Axler-Blin, C., 
Vézinet-Brun, F., Rouzioux, C., Rozenbaum, W., & Montagnier, L. (1983). Isolation of a T-lymphotropic retrovirus 
from a patient at risk for acquired immune deficiency syndrome (AIDS). Science (New York, N.Y.), 220(4599), 
868–871. https://doi.org/10.1126/science.6189183 
 
Centers for Disease Control (CDC) (1982). A cluster of Kaposi's sarcoma and Pneumocystis carinii pneumonia 
among homosexual male residents of Los Angeles and Orange Counties, California. MMWR. Morbidity and 
mortality weekly report, 31(23), 305–307. 
 
Centers for Disease Control and Prevention (CDC) (1996). Pneumocystis pneumonia--Los Angeles. 1981. MMWR. 
Morbidity and mortality weekly report, 45(34), 729–733. 
 
Centers for Disease Control (CDC) (1982). Possible transfusion-associated acquired immune deficiency syndrome 
(AIDS) - California. MMWR. Morbidity and mortality weekly report, 31(48), 652–654. 
 
Cohen, M. S., Chen, Y. Q., McCauley, M., Gamble, T., Hosseinipour, M. C., Kumarasamy, N., Hakim, J. G., 
Kumwenda, J., Grinsztejn, B., Pilotto, J. H., Godbole, S. V., Mehendale, S., Chariyalertsak, S., Santos, B. R., 
Mayer, K. H., Hoffman, I. F., Eshleman, S. H., Piwowar-Manning, E., Wang, L., Makhema, J., … HPTN 052 Study 
Team (2011). Prevention of HIV-1 infection with early antiretroviral therapy. The New England journal of 
medicine, 365(6), 493–505. https://doi.org/10.1056/NEJMoa1105243 
 
De Cock, K. M., Jaffe, H. W., & Curran, J. W. (2021). Reflections on 40 Years of AIDS. Emerging infectious 
diseases, 27(6), 1553–1560. https://doi.org/10.3201/eid2706.210284 
 
Eisinger, R. W., & Fauci, A. S. (2018). Ending the HIV/AIDS Pandemic1. Emerging infectious diseases, 24(3), 
413–416. https://doi.org/10.3201/eid2403.171797 
 
Greene W. C. (2007). A history of AIDS: looking back to see ahead. European journal of immunology, 37 Suppl 1, 
S94–S102. https://doi.org/10.1002/eji.200737441 
 
Fanales-Belasio, E., Raimondo, M., Suligoi, B., & Buttò, S. (2010). HIV virology and pathogenetic mechanisms of 
infection: a brief overview. Annali dell'Istituto superiore di sanita, 46(1), 5–14. 
https://doi.org/10.4415/ANN_10_01_02  
 
Faria, N. R., Rambaut, A., Suchard, M. A., Baele, G., Bedford, T., Ward, M. J., Tatem, A. J., Sousa, J. D., 
Arinaminpathy, N., Pépin, J., Posada, D., Peeters, M., Pybus, O. G., & Lemey, P. (2014). HIV epidemiology. The 
early spread and epidemic ignition of HIV-1 in human populations. Science (New York, N.Y.), 346(6205), 56–61. 
https://doi.org/10.1126/science.1256739 
 
Fowler, M. G., Qin, M., Fiscus, S. A., Currier, J. S., Flynn, P. M., Chipato, T., McIntyre, J., Gnanashanmugam, D., 
Siberry, G. K., Coletti, A. S., Taha, T. E., Klingman, K. L., Martinson, F. E., Owor, M., Violari, A., Moodley, D., 
Theron, G. B., Bhosale, R., Bobat, R., Chi, B. H., … IMPAACT 1077BF/1077FF PROMISE Study Team (2016). 
Benefits and Risks of Antiretroviral Therapy for Perinatal HIV Prevention. The New England journal of medicine, 
375(18), 1726–1737. https://doi.org/10.1056/NEJMoa1511691 
 

Volume 12 Issue 2 (2023) 

ISSN: 2167-1907 www.JSR.org 8

https://doi.org/10.1126/science.6189183
https://doi.org/10.1056/NEJMoa1105243
https://doi.org/10.3201/eid2706.210284
https://doi.org/10.3201/eid2403.171797
https://doi.org/10.1002/eji.200737441
https://doi.org/10.4415/ANN_10_01_02
https://doi.org/10.1126/science.1256739
https://doi.org/10.1056/NEJMoa1511691


 

 

Gallo, R. C., Sarin, P. S., Gelmann, E. P., Robert-Guroff, M., Richardson, E., Kalyanaraman, V. S., Mann, D., 
Sidhu, G. D., Stahl, R. E., Zolla-Pazner, S., Leibowitch, J., & Popovic, M. (1983). Isolation of human T-cell 
leukemia virus in acquired immune deficiency syndrome (AIDS). Science (New York, N.Y.), 220(4599), 865–867. 
https://doi.org/10.1126/science.6601823 
 
Justiz Vaillant, A. A., & Gulick, P. G. (2022). HIV Disease Current Practice. StatPearls Publishing. 
https://www.ncbi.nlm.nih.gov/books/NBK534860/#_NBK534860_pubdet_ 
 
Pau, A. K., & George, J. M. (2014). Antiretroviral therapy: current drugs. Infectious disease clinics of North 
America, 28(3), 371–402. https://doi.org/10.1016/j.idc.2014.06.001 
 
Pebody, R. (2021). Types of antiretroviral medications. Aidsmap. Retrieved from https://www.aidsmap.com/about-
hiv/types-antiretroviral-medications  
 
Salafia, C. M., Maas, E., Thorp, J. M., Eucker, B., Pezzullo, J. C., & Savitz, D. A. (2005). Measures of placental 
growth in relation to birth weight and gestational age. American journal of epidemiology, 162(10), 991–998. 
https://doi.org/10.1093/aje/kwi305  
 
Salafia, C. M., Yampolsky, M., Misra, D. P., Shlakhter, O., Haas, D., Eucker, B., & Thorp, J. (2010). Placental 
surface shape, function, and effects of maternal and fetal vascular pathology. Placenta, 31(11), 958–962. 
https://doi.org/10.1016/j.placenta.2010.09.005  
 
Salafia, C. M., Zhang, J., Miller, R. K., Charles, A. K., Shrout, P., & Sun, W. (2007). Placental growth patterns 
affect birth weight for given placental weight. Birth defects research. Part A, Clinical and molecular teratology, 
79(4), 281–288. https://doi.org/10.1002/bdra.20345  
 
Yampolsky, M., Shlakhter, O., Deng, D., Kala, S., Walmsley, S. L., Murphy, K. E., Yudin, M. H., MacGillivray, J., 
Loutfy, M., Dunk, C., & Serghides, L. (2021). Exploring the impact of HIV infection and antiretroviral therapy on 
placenta morphology. Placenta, 104, 102–109. https://doi.org/10.1016/j.placenta.2020.12.004 
 
Zash, R., Jacobson, D. L., Diseko, M., Mayondi, G., Mmalane, M., Essex, M., Petlo, C., Lockman, S., Makhema, J., 
& Shapiro, R. L. (2017). Comparative Safety of Antiretroviral Treatment Regimens in Pregnancy. JAMA pediatrics, 
171(10), e172222. https://doi.org/10.1001/jamapediatrics.2017.22 

Volume 12 Issue 2 (2023) 

ISSN: 2167-1907 www.JSR.org 9

https://doi.org/10.1126/science.6601823
https://www.ncbi.nlm.nih.gov/books/NBK534860/#_NBK534860_pubdet_
https://doi.org/10.1016/j.idc.2014.06.001
https://www.aidsmap.com/about-hiv/types-antiretroviral-medications
https://www.aidsmap.com/about-hiv/types-antiretroviral-medications
https://doi.org/10.1093/aje/kwi305
https://doi.org/10.1016/j.placenta.2010.09.005
https://doi.org/10.1002/bdra.20345
https://doi.org/10.1016/j.placenta.2020.12.004
https://doi.org/10.1001/jamapediatrics.2017.2222



