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Abstract
Background The risk of HIV-1 mother-to-child transmission (MTCT) is associated mainly with the gestational age at which antiretroviral therapy (AT) begins
and HIV-1-RNA viral load (VL) at delivery. The importance of achieving virological supression during pregnancy, has led to an increased use of integrase
inhibitors (INIs) in risky conditions. Our objective was to assess the safety and effectiveness in Madrid-Cohort of mothers-children exposed to INIs during
pregnancy. Methods Retrospective, multicentric, observational, cohort study, of HIV-1-infected pregnant women exposed to INIs during pregnancy and their
infants, from 2000 to 2017, from the nine public hospitals belonging to the Madrid Cohort. Maternal demographic characteristics, clinical data, HIV-1 infection
features, AT regimens and changes of treatment during pregnancy were recorded. Blood count, biochemistry panel, HIV-1 VL and CD4+ lymphocyte
counts/percentage at �rst trimester and at the last one near delivery were also collected. Results Sixty seven pregnant women exposed to INIs from the Madrid
cohort (n: 1423) and their 68 children were identi�ed (17.6% premature). Neonatal prophylaxis consited mostly on zidovudine (AZT) monotherapy, followed by
combined prophylaxis with ‘triple therapy’. There were no cases of MTCT. Twenty women were diagnosed with HIV-1 in the current pregnancy. Of 43 women
with AT before pregnancy, 65% received INI before conception. Raltegravir was the most commonly used (80.5%). The median lenght with INI at delivery was
148 days [interquartile rang (IR): 29-251]. Median CD4+ lymphocyte count increased from 428 cells/mL (IR: 310-642) in �rst trimester to 636 cells/mL (IR: 408-
818) in the third. There was a statistically signi�cant increase (p=0.02) of mothers with undetectable VL at delivery compared with �rst trimester. INIs were
well tolerated, without any relevant adverse effect noti�cation. There was no case of discontinued medication due to intolerance or toxicity. 11,7% of children
had minor birth defects and one patient had ventricular septal defect without hemodynamic compromise. All of them evolved favourably. Conclusions INI
seems safe and effective in prevention of MTCT. Antiretroviral regimens during pregnancy that include INI are increasingly being used. Our �ndings support
the use of INI as intensi�cation in pregnant women at high risk of MTCT.

Background
Mother-to-child transmission (MTCT) is the main way of HIV infection in childhood [1]. Despite the great advances in its prevention, especially in the treatment
of pregnant women with antiretroviral therapy (AT), currently there is still ongoing perinatal transmission [2], mainly in children of mothers with poor viral load
(VL) control during pregnancy or with late diagnosis [3]. 

The risk of MTCT mainly depends on the gestational age at which AT is initiated and the maternal plasma VL at the time of delivery [2,4,5], and therefore
achieving virological suppression previously, is the main objective of AT during pregnancy [2,6-9].

The di�culty to achieve an undetectable VL before delivery in those pregnant women with late diagnosis or poor control of the infection with antiretroviral
regimens used so far in pregnancy [2 nucleoside and nucleotide reverse transcriptase inhibitors (NRTIs) plus 1 protease inhibitor (PI) or 1 non-nucleoside
reverse transcriptase inhibitor (NNRTIs)], has led to the increasing use of regimens that include drugs from the family of integrase inhibitors (INIs) in risky
situations [4,9,10]. They are characterized by their effectiveness to achieve a rapid VL decrease. Together with their good penetration through the placenta,
make them ideal candidates to avoid MTCT in high-risk situations.

INIs are considered the third drug in current antiretroviral combinations [13,14] and often the women become pregnant while on treatment with these drugs.
Although the available data show low maternal side effects and low risk of birth defects, the safety and e�cacy pro�le of INIs in pregnancy is not clearly
established. The recent publication of preliminary results of Tsepamo observational study in Botswana, suggests that a higher risk neural tube defects might
exist in children from mothers treated with dolutegravir (DTG) by the time of conception [15].

Because of the increasing rise of pregnant women in treatment with INIs, and the uncertainty generated by the possible toxicity in the exposed newborn (NB),
there is a need to have more information regarding to safety and effectiveness of INI during pregnancy. Therefore, our objective has been to describe the
experience of its use and determine the effectiveness in the prevention of MTCT, as well as the safety for the mother and NB of the INIs used during pregnancy
in the Madrid Cohort of mothers-children exposed.

Methods
The Madrid Cohort of HIV-1-infected mother-infants pairs is a multicenter, prospective, observational and cohort study of HIV-1 infected pregnant women and
their infants. All children were followed up since birth and received exclusive formula feeding. The current study includes retrospectively the cohort of pregnant
women exposed to INIs during pregnancy and their infants from 2000 to 2017 from the hospitals belonging to the Madrid Cohort. This is a large cohort of HIV-
1-infected mother-infants pairs that prospectively collects information on clinical and epidemiologic characteristics of HIV-1 infected pregnant women and
their children in 9 public hospitals: Hospital Universitario 12 de Octubre, Hospital Universitario Fundación Alcorcón, Hospital Universitario de Getafe, Hospital
General Universitario Gregorio Marañón, Hospital Universitario La Paz, Hospital Universitario Severo Ochoa, Hospital Universitario de Móstoles, Hospital
Universitario Príncipe de Asturias and Hospital Universitario Clínico San Carlos. 

The information was collected from the medical records of the mothers and their infants, according to a standardized follow-up protocol.

Maternal demographic characteristics, clinical data, HIV-1 infection features (year of diagnosis, previously AT administrated, transmission way, stage of
infection according to the criteria of the US Centers for Disease Control and Prevention [CDC]), AT regimens and changes of treatment during pregnancy were
recorded. 

Blood count, biochemistry panel, HIV-1 VL and CD4+ lymphocyte counts and percentage at �rst trimester and at the last one or delivery were also collected. VL
less than 50 RNA plasma copies/mL (1,69 log10) was de�ned as ‘undetectable’. One patient that only received treatment with elvitegravir-cobicistat at �rst
trimester of pregnancy was excluded from the paired comparison analysis between periods.
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The protocol collects information on clinical data including: patient's status; the regimen, dosage, tolerance and compliance of AT; the diseases occurred
during pregnancy and the possible side effects of antiretroviral drugs, as well as the consumption of drugs, toxic substances and if the patient went to opiate
detoxi�cation programs with methadone. The baseline characteristics of the cohort have been previously reported [16,17].

This study is a subanalysis of the research projects of the Fundación para la Investigación del SIDA en España (FIPSE) initiated in 2000, approved by the
Clinical Research Ethics Committee at the participating hospitals.

Furthermore, the AT start date in those mothers treated previously pregnancy was also collected as well as the time of beginning of INI. The incorporation of
INI as an additional drug to a standard AT regimen in patients with VL detectable at the end of pregnancy, was de�ned as ‘intensi�cation treatment’, with
classi�cation in: ‘short intensi�cation’ if it was administrated less than or equal to one month and ‘prolonged intensi�cation’ if more than one month.

The obstetric features included were: gestational age, type of pregnancy (single or twin), mode of delivery and administration of intrapartum prophylaxis. The
mode of delivery was classi�ed as: vaginal delivery, elective caesarean section (if it was done before starting labor and without rupture of membranes) and
urgent caesarean section (if it was performed after labour and/or with rupture of membranes).

‘Premature birth’ was de�ned as children born before 37 weeks of pregnancy and ‘extreme preterm birth’ as children born before 28 weeks of pregnancy. ‘Low
birth weight’ was de�ned as children born weighting less than 2500 g and ‘fetal growth restriction’ as children with lower weight than percentile 10 for their age
gestational.

Children follow-up included medical history, physical examination, blood and complementary standardised test to HIV-1 perinatal infection diagnosis and
detection of possible AT toxicity [16]. Infants visits were scheduled at birth, after 2 or 3 and 6 weeks and thereafter 3, 6, 12 and 18 months. Children with two
plasma HIV-RNA polymerase chain reaction (PCR) negative were considered uninfected if one of them was done after 3 months of age. The presence and type
of neonatal pathology were collected.

With regard to neonatal prophylaxis regimens, we classifyed them as: zidovudine (AZT) monotherapy for 4-6 weeks, combination therapy with two drugs [AZT
+ lamivudine (3TC) or AZT plus single dose of nevirapine (NVP) at birth], and triple therapy with AZT and 3TC for 4 weeks, plus nevirapine (NVP) for 2 weeks.

Once ad hoc database was created in the Microsoft Access program (Microsoft Corporation, Redmond, Washington, USA). The data was processed and
analyzed using the statistical package SPSS v.21.0. The categorical variables were presented with their distribution of absolute and relative frequencies.

Numerical variables were presented as means and standard deviation or medians and interquartile range (IR) if they do not �t a normal distribution. For the
paired comparison of numerical variables between the �rst and third trimesters, the non-parametric Wilcoxon test was used and for categorical variables Mc
Nemar test was chosen. A p value of < 0,05 was considered as statistically signi�cant.

Results
During the study period, 67 pregnant women exposed to INIs were identi�ed from the 1423 pregnant women with HIV-1 infection collected in the Madrid
Cohort. The pregnancies with treatment regimens that included INIs occurred during 2008-2017 period, representing 11.9% of the mothers with HIV-1 infection
followed in that period. Most pregnant women with INI in their treatment schedule were identi�ed in recent years, [58 women (86.5%) between 2012-2017)].

There were 66 single pregnancies, and one multiple gestation (twin), considered as a single patient exposed to INIs. The baseline characteristics of the
mothers are detailed in Table 1.

The mean maternal age was 31.8 years (+/- 7.2). 33.3% of women were Spanish and 66.7% had foreign origin. Of the mothers in whom information about the
mode of transmission was avaliable, heterosexual transmission was the most common (76.9%).

The median gestational age at delivery was 38.5 weeks (IR: 37.4-39.7), with 17.6% of premature births, two of them extreme preterm births (24 + 6 and 26
weeks of gestational age, respectively). The most frequent mode of delivery was caesarean section, in 55.2% of cases. The median lenght of ruptured
membranes was 3 hours (IR: 0-12). 85.2% (n = 61) of the mothers received intravenous AZT prophylaxis at delivery.

Twenty out of 24 women without AT exposure prior to pregnancy, were diagnosed of HIV-1 infection in the current pregnancy. The mean gestational age at AT
beginning was 22 weeks (+/- 11) and at INI initiation 25 weeks (+/- 11). The median time with AT at delivery in the women who were treated before being
pregnancy was 83 months (IR: 32-122) and 65% of them (n = 43) received INI as part of the AT regimen prior to conception.

Raltegravir (RAL) was used in 80.5% (54) of mothers, DTG in 14.9% (10) and elvitegravir (EVG) in 4.4% (3). The median duration of treatment with INI at
delivery was 148 days (IR: 29-251). In one of the three women whose regimen prior to pregnancy included EVG, it was replaced by darunavir at the second
month of pregnancy. Only in 2 cases the INI was combined exclusively with a boosted PI. In the rest of cases, the INI was combined with at least two other
antiretroviral drugs. The features of the treatment regimens in pregnant women are shown in Table 2.

The information about CD4+ lymphocyte count and VL at the �rst trimester and peripartum period are presented in Table 1. In the paired comparison of VL
from 36 mothers, a statistically signi�cant increase was observed (p = 0.02) in the proportion of women with undetectable VL at the third trimester (80.6%)
compared to the �rst one (58.3%). Likewise, although in the paired analysis of 28 mothers the increase of CD4 lymphocyte count between both trimesters was
not statistically signi�cant (p = 0.194), a remarkable increase of 441 cells/μL (IR: 331-690) to 545 cells/μL (IR: 371681) was observed.
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INIs were well tolerated, without any relevant adverse effect noti�cation. There were no case of discontinued medication due to intolerance or toxicity. From 39
(57.3%) mothers who had blood test available after the beginning of INI treatment [median 174 days (IR: 80-231)] none had hypertransaminasemia or
cholestasis, with mean values of: AST 19,2 U/L (+/- 7.9), ALT 14,6 U/L (+/- 8.6), GGT 15,8 U/L (+/- 10.8), total bilirubin 0,33 mg/dL (+/- 0.16).

The most commonly used prophylaxis in the NB was AZT monotherapy (Table 3), followed by combined prophylaxis with ‘triple therapy’. One patient had
prophylaxis with AZT 6 weeks and 3TC 2 weeks and another one, both drugs for a month. Twins of 32 + 6 weeks received a 4-week AZT regimen and a single
NVP dose at birth. No MTCT cases were reported.

The mean weight at birth was 2899 g (+/- 716). 8.8% full-term NB with low birth weight were identi�ed and 7.3% with fetal growth restriction. 98.5% of NB
obtained a score in the APGAR test equal to or greater than 5 at the �rst minute and at 5 minutes of life.

The birth defects identi�ed were considered minor in all cases except in one patient who had ventricular septal defect without hemodynamic compromise
(Table 3). The abnormalities detected during neonatal period were: transient tachypnea in 3 full-term infants, late sepsis and meningitis by S.agalactie in 1
patient, anti-A isoimmunization (1), hypoglycemia (1) and meconium aspiration syndrome (1). Preterm babies had problems associated to prematurity as
hyaline membrane disease and sepsis in a 24 + 6 weeks NB, and bronchopulmonary dysplasia and necrotizing enterocolitis in the 26 weeks of gestational age
boy. All infants evolved favorably.

 

Discussion
In our cohort of HIV-1 infected pregnant women with INIs exposure during pregnancy, tolerance and safety for mothers and children were deemed aceptable.
Withdrawal of medication due to adverse effects was not necessary and major birth defects in exposed children were not identi�ed. Likewise, treatment with
INIs in our cohort showed a high effectiveness in MTCT prevention, even in pregnant women with late diagnosis or high VL during pregnancy.

In recent years, there has been an increase in use of AT regimens that include INIs in pregnant women, which seem safe and effective treatments for
preventing MTCT, even in high-risk situations. The criteria for using AT in pregnant women differ from the general recommendations for adults with HIV-1
infection, and safety of treatment should be considered not only for the patient but also for the fetus [4]. Although over last few years information to consider
reasonably safe some AT in pregnancy has been avaliable, it is still quite limited [18,19]. INIs have become the preferred combinations with NRTIs as �rst
therapy for patients with HIV-1 infection [14], and despite the limited experience with them in pregnancy, they have increasingly been used due to their potential
advantage of leading to a rapid decline in maternal VL [3,11].

RAL has been the most frequently used INI, with demonstrated utility in patients with late diagnosis in pregnancy due to its good placental transfer, as well as
in pregnant women with resistant viruses to �rst-line drugs [2-5,10,11], being currently the preferred INI in pregnancy [3].

RAL seemed to have superior e�cacy compared with efavirenz (EFV) in VL suppression rates and increases in baseline CD4+ counts in treatment-naive
patients (STARTMRK study [20]). Brites et al [2] studied the e�cacy of RAL in late presenting pregnants, also �nding statistically signi�cant differences in VL
supression before delivery compared to lopinavir boosted with ritonavir, as well as lower proportion of side effects. In the recently published

P1081: Raltegravir vs EFV in naïve pregnant women from 20-37 weeks

 P1081trial, women presenting late in pregnancy were randomized to receive RAL or EFV beyond 20 weeks of gestational age. Although no differences in
perinatal transmission were observed, the arm treated with RAL had a median time to achieve less than 200 plasma RNA copies of 8 days compared to 15
days with EFV providing evidence of a faster drop in VL and more effective suppression of RNA replication, a key factor involved in perinatal transmission [21].

This drug has also increasingly been used and effectively as intensi�cation of AT in pregnant women with bad control of infection in late stages of pregnancy
[3,5-7,10,11]. In addition, its inclusion in treatment guidelines as elective therapy in adults and since a high proportion of pregnancys are unplanned, an
increase in use of INIs in pregnant women may be anticipated. This evidence, along with the important cumulative evidence of low maternal adverse effects
and good fetus safety pro�le [category C according to the FDA (Food and Drug Administration Pregnancy)] [3,7,11,19] makes it one of the most widely ART
used in pregnancy. Despite its pharmacokinetics with important inter and intraindividual variability [9], the regimen used in pregnant women is currently the
usual third antiretroviral drug in adults.

DTG and EVG have the advantage of being able to be administered co-formulated, promoting adherence to treatment. Although there is less information
avaliable about treatment in pregnant women than with RAL, there are favorable data with DTG vs EFV in women with late onset in pregnancy [22].

 

The case series published so far provide similar information to RAL regarding to VL decreasing, without signi�cant maternal or neonatal adverse effects
[2,3,24,25] in the initial publications. Thus in low-income countries such as Bostwana, DTG in combination with Tenofovir (TDF) and emtricitabine has become
the �rst-line regimen for adults with HIV-1 infection since 2016, including the pregnant women [25] due to its: e�cacy, good tolerance, low pharmacological
interactions and high resistance barrier [26]. However, their safety in pregnancy has yet to been established. In a recent comparative study between two groups
of pregnant women starting treatment with DTG and TDF respectively during pregnancy, Zash et al [26] initially did not �nd differences in the risk of birth
defects between both groups. However, in May 2018, the World Health Organization (WHO), European Medicines Agency (EMA) and FDA, warn of the possible
increase of neural tube birth defects in NB from mothers treated with DTG at the moment of conception (0.9% vs 0.1% with other antiretroviral drugs),
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according to data obtained from the same observational study [15]. This prevalence observed in exposed children born to women treated with DTG at the
moment of conception in Botswana, without folic acid supplements, was statistically higher than in women´s children treated with other antiretroviral drugs or
DTG initiated in other moment of pregnancy in the same population.

In previous reviews, polydactyly was the most common birth defect detected [25]. In our serie, we detected a patient with this malformation but whose mother
had received treatment with RAL. Currently, there is no information enough to recommend DTG or EVG during pregnancy [3,13,25]. EVG boosted with cobicistat
has a great variability in pharmakokinetics during pregnancy leading commonly to subtherapeutic levels [27].

In our cohort, no severe birth defects were detected, both from mothers treated with INIs before pregnancy and those who started during pregnancy. The
detection of some anomalies was probably favored by the active search in the follow-up of the children. These results show a prevalence comparable to that
found in previous studies of our cohort [28]. In this study a higher proportion of premature births was not observed, by contrast to previously published data
from our global cohort [17].

The main adverse effect reported in literature in women treated with INIs is transient, asymptomatic and reversible hypertransaminasemia [7,11,19,2]. This
toxicity was not detected in our pregnant women, who showed good tolerance to treatment in all cases.

It is of utmost importance to achieve virological suppression before delivery in pregnant women with HIV-1 infection, because it greatly modi�es the risk of
MCTC and could contribute to reduce maternal complications secondary to elective caesarean section [3,5,25]. Currently recommendations of Spanish and
British guidelines on the management of HIV-1 in pregnant women, suggest the intensi�cation of treatment in women who do not reach virological
suppression during pregnancy [10,15]. Because of the good placental transfer of INIs and the rapid decrease on VL, they might be very useful in pregnant with
late diagnosis or with therapeutic failure in the last weeks of pregnancy [4].

In our series, the incorporation of INIs to the AT regimen in women with poor virological control before pregnancy or diagnosis of the HIV-1 infection during the
current pregnancy, was very effective for the rapid reduction of plasma VL, and thus probably contributing in the complete prevention of MTCT. Our �ndings
are similar to results published previously in other series [1-3,6-8,11,12,19,25].

The main limitations of our study are its retrospective nature, the absence of a control group of pregnant women without INIs in their regimen of treatment,
and the relative small sample size, which preclude from drawing de�nitive conclusions and extend our �ndings to other settings. In addition, active
surveillance of birth defects was not done in all NB with complementary or image tests.

However, our study provides relevant information on a large number of pregnant women treated with INIs, con�rming their high effectiveness and safety
shown in previous studies in developed countries. Furthermore, it con�rms the potency of INIs to achieve a rapid decrease on VL in mothers with
intensi�cation, even when they were administered in the third trimester, leading to a high proportion of women to reach undetectable VL near delivery, a critical
goal to achieve since it is the most important factor associated with MTCT.

Conclusions
INIs appear to be reasonably safe and effective in the prevention of MTCT, even in high-risk situations. AT regimens that include INIs in pregnant women are
increasingly being used. Our �ndings strengthen the importance of using INIs as intensi�cation of treatment in pregnant women with high risk of MTCT,
although more studies are necessary to de�ne the safety pro�le of the INIs for the NB.
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Tables
Table 1.  General features of pregnant women exposed to INIs
Country (N = 63) n (%)  
Spain 21 (33,3)  
Africa 25 (39,7)  
Latin America 15 (23,8)  
Eastern Europe 2 (3,2)  
Transmission way (N = 39) n (%)  
Sexual 30 (76,9)  
Mother to child 7 (17,9)  
Transfusion 2 (5,1)  
Mode of delivery (N = 67) n (%)  
Elective caesarean section 29 (43,3)  
Urgent caesarean section 8 (11,9)  
Eutocic delivery 28 (41,8)  
Instrumental delivery 2 (3)  
Diagnosis in current pregnancy n (%)  
  20 (29,8)  
Moment of INI initiation (n = 59) n (%) (n)
First trimestre 28 (47,4) RAL 18

DTG 8
EVG 2

Second trimestre 9 (15,2) RAL 9
DTG 0
EVG 0

Third trimestre 22 (37,2) RAL 21
DTG 1
EVG 0

CD4+/µL Mean (SD) Median (IR)
First trimester (N = 31) 501 (249) 428 (310-642)
Peripartum (N = 47) 642 (297) 636 (408-818)
VL (copies/mL) Mean (SD) Median (IR)
First trimester (N = 38) 14.517 (53.426) 50 (50-9244)
Peripartum (N = 62) 1.052 (4.270) 50 (50-73,7)
VL (copies/mL) peripartum (N = 62) n (%)  
≤ 50 44 (70,9)  
51-200 9 (14,5)  
201-1000 6 (9,6)  
> 1000 3 (4,8)  

INI: integrase inhibitor RAL: raltegravir DTG: dolutegravir EVG: elvitegravir VL: viral load
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Table 2. Antiretroviral treatment of pregnant women
Previous antiretroviral exposure (N = 64) n (%)
NRTI 39 (60,9)
NNRTI 23 (35,9)
PI 30 (46,9)
INI  16 (25)
Use of INI (N = 62) n (%)
Standard regimen 34 (54,8)
Short intensification 12 (19,4)
Prolonged intensification 16 (25,8)
INI combination with other antiretroviral drugs (N = 67)           n (%)
1 antiretroviral drug 2 (2,9)
2  antiretroviral drugs 35 (52,2)
3 antiretroviral drugs 21 (31,3)
4 antiretroviral drugs 4 (5,9)
5  antiretroviral drugs 5 (7,4)
Treatment regimens (N = 67) n (%)
NRTI + INI 30 (44,7)
NRTI + INI/b 2 (2,9)
PI/b + INI 1 (1,4)
NRTI + PI/b + INI 26 (38,8)
NRTI + NNRTI + INI 3 (4,4)
PI/b + FI + INI 1 (1,4)
NNRTI  + PI/b + INI 1 (1,4)
NRTI + PI/b + FI + INI 1 (1,4)
NRTI + NNRTI + PI/b + INI 1 (1,4)
NRTI + NNRTI + PI/b + FI + INI 1 (1,4)
     

NRTI: nucleoside and nucleotide reverse transcriptase inhibitors NNRTI: non-nucleoside reverse transcriptase inhibitor PI: protease inhibitor PI/b: boosted protease
inhibitor INI: integrase inhibitor INI/b: boosted integrase inhibitor FI: fusion inhibitor

 
Table 3. Newborn´s features
Neonatal prophylaxis (N = 68) n (%)
AZT 44 (64,7)
AZT + NVP + 3TC 20 (29,4)
AZT + 3TC  2 (2,9)
AZT + NVP  2 (2,9)
Birth defects (N = 68) n (%)
Umbilical hernia 4 (5,8)
Unilateral dilated renal pelvis (grade II) 1 (1,4)
Bilateral fifth finger polydactyly 1 (1,4)
Permeable oval foramen 1 (1,4)
Ventricular septal defect 1 (1,4)

AZT: zidovudine NVP: nevirapine 3TC: lamivudine

 


