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PMTCT 1994-2006 
²  ACTG 076: ZDV reduced 

MTCT by ~ 67% 
 

²  HIVNET 012: sdNVP 
reduced MTCT by ~ 50% 
 

²  WITS and other US /
European data: Viral load 
reduction from HAART 
extremely effective at 
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2006 WHO Guidelines 
²  Summarized scientific data for each clinical 

scenario, and endorsed many options: 
 • AZT alone 
 • AZT together with 3TC 
 • NVP alone (single dose for mother and infant) 
 • AZT + Sd-NVP for mother and/or infant 
 • AZT + 3TC plus Sd-NVP for mother and/or infant 
 • triple-ARV combination regimens 

²  ART recommended according to national guidelines 
²  The “default option” of using sdNVP alone was endorsed 

for resource-limited settings 
è  allowed countries to choose sdNVP as easiest / cheapest option 

²  No prophylaxis option for BF 



2006 WHO PMTCT Guidelines 
“just do what you can” 

(WHO not leading, countries not following) 



Advances in PMTCT from 2006-2009  
²  HAART became more feasible as a PMTCT 

strategy for the developing world 
è  Interest in reconciling developing/developed world 

guidelines where possible, especially for treatment 
è  Movement toward CD4 treatment threshold < 350 

(2006 WHO guidelines: “consider treatment” 200-350) 
•  if ~ half of HIV+ pregnant women potentially treatment 

eligible, opened door to meaningful PMTCT impact: 

 

Kuhn, AIDS 2010 



Advances in PMTCT from 2006-2009  
²  Stronger evidence 

that lack of 
breastfeeding or early 
weaning unsafe 
 
 
 
 
 

 
 

 

²  First data for use of either maternal HAART or infant 
NVP to reduce breastfeeding MTCT original article
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Background
The most effective highly active antiretroviral therapy (HAART) to prevent mother-
to-child transmission of human immunodeficiency virus type 1 (HIV-1) in preg-
nancy and its efficacy during breast-feeding are unknown.

Methods
We randomly assigned 560 HIV-1−infected pregnant women (CD4+ count, ≥200 cells 
per cubic millimeter) to receive coformulated abacavir, zidovudine, and lamivudine 
(the nucleoside reverse-transcriptase inhibitor [NRTI] group) or lopinavir−ritonavir plus 
zidovudine−lamivudine (the protease-inhibitor group) from 26 to 34 weeks’ gestation 
through planned weaning by 6 months post partum. A total of 170 women with CD4+ 
counts of less than 200 cells per cubic millimeter received nevirapine plus zido vu-
dine−lamivudine (the observational group). Infants received single-dose nevirapine and 
4 weeks of zidovudine.

Results
The rate of virologic suppression to less than 400 copies per milliliter was high and 
did not differ significantly among the three groups at delivery (96% in the NRTI 
group, 93% in the protease-inhibitor group, and 94% in the observational group) or 
throughout the breast-feeding period (92% in the NRTI group, 93% in the protease-
inhibitor group, and 95% in the observational group). By 6 months of age, 8 of 709 
live-born infants (1.1%) were infected (95% confidence interval [CI], 0.5 to 2.2): 
6 were infected in utero (4 in the NRTI group, 1 in the protease-inhibitor group, and 
1 in the observational group), and 2 were infected during the breast-feeding period 
(in the NRTI group). Treatment-limiting adverse events occurred in 2% of women 
in the NRTI group, 2% of women in the protease-inhibitor group, and 11% of wom-
en in the observational group.

Conclusions
All regimens of HAART from pregnancy through 6 months post partum resulted 
in high rates of virologic suppression, with an overall rate of mother-to-child trans-
mission of 1.1%. (ClinicalTrials.gov number, NCT00270296.)
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Background
We evaluated the efficacy of a maternal triple-drug antiretroviral regimen or infant 
nevirapine prophylaxis for 28 weeks during breast-feeding to reduce postnatal trans-
mission of human immunodeficiency virus type 1 (HIV-1) in Malawi.

Methods
We randomly assigned 2369 HIV-1  –positive, breast-feeding mothers with a CD4+ 
lymphocyte count of at least 250 cells per cubic millimeter and their infants to re-
ceive a maternal antiretroviral regimen, infant nevirapine, or no extended postnatal 
antiretroviral regimen (control group). All mothers and infants received perinatal 
prophylaxis with single-dose nevirapine and 1 week of zidovudine plus lamivudine. 
We used the Kaplan–Meier method to estimate the cumulative risk of HIV-1 trans-
mission or death by 28 weeks among infants who were HIV-1 –negative 2 weeks 
after birth. Rates were compared with the use of the log-rank test.

Results
Among mother–infant pairs, 5.0% of infants were HIV-1–positive at 2 weeks of life. 
The estimated risk of HIV-1 transmission between 2 and 28 weeks was higher in 
the control group (5.7%) than in either the maternal-regimen group (2.9%, P = 0.009) 
or the infant-regimen group (1.7%, P<0.001). The estimated risk of infant HIV-1 infec-
tion or death between 2 and 28 weeks was 7.0% in the control group, 4.1% in the 
maternal-regimen group (P = 0.02), and 2.6% in the infant-regimen group (P<0.001). 
The proportion of women with neutropenia was higher among those receiving the 
antiretroviral regimen (6.2%) than among those in either the nevirapine group 
(2.6%) or the control group (2.3%). Among infants receiving nevirapine, 1.9% had 
a hypersensitivity reaction.

Conclusions
The use of either a maternal antiretroviral regimen or infant nevirapine for 28 weeks 
was effective in reducing HIV-1 transmission during breast-feeding. (ClinicalTrials 
.gov number, NCT00164736.)
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Background
In low-resource settings, many programs recommend that women who are infected 
with the human immunodeficiency virus (HIV) stop breast-feeding early. We con-
ducted a randomized trial to evaluate whether abrupt weaning at 4 months as com-
pared with the standard practice has a net benefit for HIV-free survival of children.

Methods
We enrolled 958 HIV-infected women and their infants in Lusaka, Zambia. All the 
women planned to breast-feed exclusively to 4 months; 481 were randomly assigned 
to a counseling program that encouraged abrupt weaning at 4 months, and 477 to a 
program that encouraged continued breast-feeding for as long as the women chose. 
The primary outcome was either HIV infection or death of the child by 24 months.

Results
In the intervention group, 69.0% of the mothers stopped breast-feeding at 5 months 
or earlier; 68.8% of these women reported the completion of weaning in less than 
2 days. In the control group, the median duration of breast-feeding was 16 months. 
In the overall cohort, there was no significant difference between the groups in the 
rate of HIV-free survival among the children; 68.4% and 64.0% survived to 24 months 
without HIV infection in the intervention and control groups, respectively (P = 0.13). 
Among infants who were still being breast-fed and were not infected with HIV at 
4 months, there was no significant difference between the groups in HIV-free sur-
vival at 24 months (83.9% and 80.7% in the intervention and control groups, re-
spectively; P = 0.27). Children who were infected with HIV by 4 months had a high-
er mortality by 24 months if they had been assigned to the intervention group than 
if they had been assigned to the control group (73.6% vs. 54.8%, P = 0.007).

Conclusions
Early, abrupt cessation of breast-feeding by HIV-infected women in a low-resource set-
ting, such as Lusaka, Zambia, does not improve the rate of HIV-free survival among 
children born to HIV-infected mothers and is harmful to HIV-infected infants.
(ClinicalTrials.gov number, NCT00310726.)

1

Copyright © 2008 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org by SHAHIN LOCKMAN on June 5, 2008 . 

original article

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 362;24 nejm.org june 17, 20102282

Antiretroviral Regimens in Pregnancy  
and Breast-Feeding in Botswana

R.L. Shapiro, M.D., M.P.H., M.D. Hughes, Ph.D., A. Ogwu, M.B., B.S., D. Kitch, M.S.,  
S. Lockman, M.D., C. Moffat, M.B., Ch.B., M.P.H., J. Makhema, M.B., Ch.B., M.R.C.P.,  

S. Moyo, M.P.H., I. Thior, M.D., K. McIntosh, M.D., E. van Widenfelt, B.S.,  
J. Leidner, M.S., K. Powis, M.D., M.P.H., A. Asmelash, M.D., M.P.H.,  
E. Tumbare, M.B., Ch.B., S. Zwerski, M.S.N., U. Sharma, Ph.D., M.P.H.,  

E. Handelsman, M.D., K. Mburu, B.Pharm., O. Jayeoba, M.B., Ch.B.,  
E. Moko, M.B., Ch.B., S. Souda, M.D., E. Lubega, M.D., M. Akhtar, M.B., Ch.B.,  

C. Wester, M.D., M.P.H., R. Tuomola, M.D., W. Snowden, Ph.D.,  
M. Martinez-Tristani, M.D., L. Mazhani, M.D., and M. Essex, D.V.M., Ph.D.

From the Division of Infectious Diseases, 
Beth Israel Deaconess Medical Center 
(R.L.S.); the Departments of Immunology 
and Infectious Diseases (R.L.S., S.L., I.T., 
K. McIntosh, J.L., M.E.) and Biostatistics 
(M.D.H., D.K.), Harvard School of Public 
Health; the Infectious Disease Unit (S.L.) 
and the Department of Obstetrics, Gyne-
cology, and Reproductive Biology (R.T.), 
Brigham and Women’s Hospital; the Di-
vision of Infectious Diseases, Children’s 
Hospital (K. McIntosh); and the Depart-
ments of Medicine and Pediatrics, Massa-
chusetts General Hospital (K.P.); — all in 
Boston; the Botswana Harvard AIDS In-
stitute (A.O., C.M., J.M., S.M., I.T., E.W., 
A.A., E.T., K. Mburu, O.J., E.M., S.S., E.L., 
M.A., C.W.) and the Botswana Ministry of 
Health (L.M.) — both in Gaborone, Bot-
swana; the National Institutes of Health, 
National Institute of Allergy and Infec-
tious Diseases, Bethesda, MD (S.Z., U.S., 
E.H.); GlaxoSmithKline, Greenford, Unit-
ed Kingdom (W.S.); and Abbott Virology, 
Abbott Park, IL (M.M.-T.). Address re-
print requests to Dr. Shapiro at the Divi-
sion of Infectious Diseases, Beth Israel 
Deaconess Medical Center, 110 Francis 
St., Suite GB, Boston, MA 02215, or at 
rshapiro@hsph.harvard.edu.

N Engl J Med 2010;362:2282-94.
Copyright © 2010 Massachusetts Medical Society.

A BS TR AC T

Background
The most effective highly active antiretroviral therapy (HAART) to prevent mother-
to-child transmission of human immunodeficiency virus type 1 (HIV-1) in preg-
nancy and its efficacy during breast-feeding are unknown.

Methods
We randomly assigned 560 HIV-1−infected pregnant women (CD4+ count, ≥200 cells 
per cubic millimeter) to receive coformulated abacavir, zidovudine, and lamivudine 
(the nucleoside reverse-transcriptase inhibitor [NRTI] group) or lopinavir−ritonavir plus 
zidovudine−lamivudine (the protease-inhibitor group) from 26 to 34 weeks’ gestation 
through planned weaning by 6 months post partum. A total of 170 women with CD4+ 
counts of less than 200 cells per cubic millimeter received nevirapine plus zido vu-
dine−lamivudine (the observational group). Infants received single-dose nevirapine and 
4 weeks of zidovudine.

Results
The rate of virologic suppression to less than 400 copies per milliliter was high and 
did not differ significantly among the three groups at delivery (96% in the NRTI 
group, 93% in the protease-inhibitor group, and 94% in the observational group) or 
throughout the breast-feeding period (92% in the NRTI group, 93% in the protease-
inhibitor group, and 95% in the observational group). By 6 months of age, 8 of 709 
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1 in the observational group), and 2 were infected during the breast-feeding period 
(in the NRTI group). Treatment-limiting adverse events occurred in 2% of women 
in the NRTI group, 2% of women in the protease-inhibitor group, and 11% of wom-
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2010 WHO PMTCT Guidelines 

(WHO leading, countries onboard) 



§  Aspirational: shift to longer / more efficacious PMTCT regimens 
§  no sd-NVP option 

§  Option B added 

§  Treatment for those meeting CD4 criteria (< 350) emphasized: 
§  CD4 testing / return of results a recognized barrier 

§  ARV coverage through duration of exposure  
§  start at 14 wks gestation, ARVs to mother or infant                                                                                           

throughout breastfeeding 

§  Longer Breastfeeding  -- at least 12 mos with ARV coverage   

2010 WHO Guidelines:  
Public Health Approach to PMTCT 

 



2010 WHO Guidelines  Research / Program Considerations  
CD4 < 350 (treatment eligible) 
 
Antenatal HAART / postnatal maternal 
HAART (+ 4-6 wks infant NVP)  
 

 
 
-- CD4 threshold likely to increase in 
keeping with US / Europe 
 

CD4 > 350 
 
Option A: Antenatal AZT / postnatal infant 
NVP prophylaxis until 1 wk after BF 
 
Option B: Antenatal HAART / postnatal 
maternal HAART / 4-6 wks infant NVP (or 
sdNVP + AZT, if FF) 
 

 
-- Option A vs. B efficacy?  
(PROMISE Study evaluating)  
 
-- Risks/benefits of Option B vs. B+, 
especially EFV teratogenicity 
 
-- Countries moving towards B+ 
ahead of the safety/efficacy data 
(strong programmatic rationale) 
 

Infant Feeding: Breastfeed with ARV 
prophylaxis for 12 months 

-- Optimal BF duration in setting of 
HIV exposure unknown 



AP, >=14 wks        IP                      PP for Duration BF                          Weaning  
      

PROMISE Study: Sequential 
 Factorial Trial ( BF, non-HAART Std regions)  
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  Late presenters 
ZDV + 

sdNVP+ 
TRVx7d 

Infant uninfected  
at birth 

n=4,400 (plus n=2,000 more from FF regions, not shown in diagram) 



Maternal ART and Birth Outcomes 
è  European and African Data: Stillbirths, preterm 

deliveries, and low birth weight all associated 
with ART in pregnancy 

•  European Data (ECS + Swiss, Townsend, Grosch-
Woerner , Boer, Townsend) 

•  African Data (Ekouvei, Chen) 
è  US data: Mixed data, but mostly non-

significant effect on birth outcomes 
²  Problems with most studies: 

•  Observational Studies – prone to bias 
•  Underpowered for modest increases in risk 
•  Some analyses strongly biased by temporal differences in 

categorizing ART-exposed and –unexposed 
 



Birth Outcomes Surveillance in 6 
Botswana District Hospitals 

Chen et al, JID 2012 

§  Prospective review of obstetric 
and medical records in 6 
maternity wards in Botswana 
§  Captured ~29% of all deliveries in 

Botswana during surveillance 
§  Results (May 2009-April 2011):  

è  33,418 deliveries included 
•  Median Age = 25 yrs 
•  Nationality: 89% Batswana 
•  Marital Status: 82% Single 
•  Alcohol: 5% 
•  Smoking: 1% 
•  Received antenatal care: 95% 

è  32,113 (96%) with HIV test result 
è   9,504 (29.6%) HIV-infected  

 



Birth Outcomes by HIV Status 
HIV− 
(N=22,609) 

HIV+ 
(N=9,504) 

Unadjusted 
OR (95% CI) 

Adjusted OR  
(95% CI) 

Stillbirth 2.5% 4.6% 1.84 
(1.63-1.08) 

1.52 
(1.33-1.74) 

Preterm Delivery 17.2% 23.7% 1.37 
(1.31-1.44) 

1.33 
(1.25-1.42) 

Small for 
Gestational Age* 

11.5% 18.4% 1.60 
(1.52-1.70) 

1.80 
(1.68-1.93) 

Neonatal Death 1.5% 2.3% 1.47 
(1.24-1.75) 

-- 

* < 10% using Botswana-specific norms 
 



Risk Factors for Preterm Delivery 
among HIV+ Women 

Risk Factor 
% PTD with 
risk factor 

% PTD without 
risk factor 

Unadjusted 
OR (95% CI) 

Adjusted OR 
(95% CI) 

Hypertension in 
Pregnancy 26.7% 21.3% 1.25 

(1.14-1.38) 
1.35 

(1.19-1.54) 
Anemia in Pregnancy 

22.7% 4.8% 4.74 
(3.88-5.79) 

4.12 
(2.99-5.68) 

CD4 < 200 cells/mm3 20.0% 18.9% NS NS 

Continued HAART in 
Pregnancy vs. all others 26.5% 22.7% 1.17 

(1.07-1.27) 
1.24 

(1.10-1.39) 
Initiated HAART in 
Pregnancy vs. ZDV 19.8% 14.2% 1.41 

(1.20-1.64)  
1.43 

(1.15-1.75)  



Risk Factors for Small for Gestational Age 
Infants among HIV+ Women 

Risk Factor 
% SGA with 
risk factor 

% SGA without 
risk factor 

Unadjusted 
OR (95% CI) 

Adjusted OR 
(95% CI) 

Hypertension in 
Pregnancy 25.8% 16.9% 1.52 

(1.38-1.68) 
1.65 

(1.45-1.89) 

CD4 < 200 cells/mm3 
23.4% 15.9% 1.46 

(1.25-1.73) 
1.71 

(1.37-2.13) 
Continued HAART in 
Pregnancy vs. all others 
 

26.1% 15.6% 1.67 
(1.53-1.83) 

1.83 
(1.62-2.08) 

Initiated HAART in 
Pregnancy vs. ZDV 21.5% 14.2% 1.52 

(1.32-1.75)  
1.45 

(1.19-1.79)  
Continued HAART vs. 
Initiated HAART 26.1% 21.6% 1.20 

(1.05-1.37)  
1.27 

(1.03-1.54)  



Risk Factors for Stillbirths                 
among HIV+ Women 

Risk Factor 
% Stillbirths     
with risk factor 

% Stillbirths 
without risk factor 

Unadjusted 
OR (95% CI) 

Adjusted OR 
(95% CI) 

Hypertension in 
Pregnancy 10.1% 3.3% 3.10 

(2.57-3.75) 
3.13 

(2.53-3.86) 

Positive RPR During 
Pregnancy 7.6% 4.6% 1.67 

(0.96-2.90) 
1.86 

(1.01-3.42) 
CD4 < 200 cells/mm3 

5.8% 3.6% 1.64 
(1.14-2.36) 

1.73 
(1.17-2.57) 

Continued HAART in 
Pregnancy vs. all others 6.3% 4.1% 1.55 

(1.27-1.89) 
1.45 

(1.15-1.81) 
Initiated HAART in 
Pregnancy vs. ZDV 4.7% 1.7% 2.78 

(1.92-4.17)  
2.50 

(1.64-3.85)  
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sub-Saharan Africa and Asia. In response to this diffi  culty, 
both groups made post-modelling adjustments to their 
estimates for several countries. We estimate that these 
adjustments resulted in increases in the estimated 
number of worldwide stillbirths of 565 000 (WHO)1 
and 670 000 (Saving Newborn Lives/IMMPACT),2 which 
is equivalent to increases of 17% and 21%, respectively, in 
the worldwide number of stillbirths. In this new exercise 
undertaken jointly with WHO, we aimed to avoid such 
adjustments to the estimates.

In this Article, we estimate national, regional, and 
worldwide stillbirth rates and numbers for 193 countries 
in 2009, retrospectively estimating to 1995 using the 
same model, and we provide a quantitative assessment 
of the uncertainty of these estimates. We also present 
detailed individual-country rates for 2008 for ease of 
comparison with existing data on neonatal and maternal 
mortality rates.

Methods
Data inputs
The input dataset was compiled from three sources. 
First, data from countries with vital registration systems 
that report stillbirths, or with specifi c perinatal mortality 
reporting systems, were identifi ed; if the data were 
available, these were accessed and assessed for 
inclusion. We accessed data from national stillbirth 
registries, including Euro-Peristat and national 
statistical websites.7–12 Additionally, the International 
Stillbirth Alliance requested data based on the 
international comparison defi nition for the most recent 
year from national stillbirth surveillance experts on 
their member list.

Second, data from demographic and health surveys 
(DHS) and reproductive health surveys were compiled 
directly from the ORC Macro website, and by use of data 
from the contraceptive calendar in the women’s 
questionnaire. The contraceptive calendar documents 
women’s monthly pregnancy and contraceptive use 
status for the 60 months before the interview.13 For the 
surveys that did not provide stillbirth rate but had 
contraceptive calendar data, we undertook a special 
analysis to estimate stillbirth rate, defi ning the rate as the 
number of pregnancy losses during or after the seventh 
month of pregnancy for the 5 years preceding the 
interview, divided by the sum of livebirths and late 
pregnancy losses in the same period.

Third, the Saving Newborn Lives/IMMPACT study 
undertook systematic searches up to June, 2003.2 We 
repeated these searches from June, 2003, to Sep-
tem ber, 2010, using the same key terms in all languages 
and in several databases, including PubMed, Popline, 
Latin American and Caribbean Health Science (LILACS), 
Embase, Web of Science, Cumulative Index to Nursing 
and Allied Health (CINAHL), and WHO regional 
databases (Eastern Mediterranean Regional Offi  ce 
[EMRO] Index Medicus, African Index Medicus, Pan 
American Health Organization [PAHO] Latin America 
and Caribbean Virtual Health Library, South East Asian 
Region [SEARO] Index Medicus, and Western Pacifi c 
Region [WPRO] Index Medicus). Search terms used 
included multiple variants of stillbirth and perinatal 
mortality and Medical Subject Headings terms when 
available. Data from sources meeting the inclusion 
criteria were combined with those from the earlier Saving 
Newborn Lives/IMMPACT exercise2 after checking for 
and removing any datapoints before 1995 and any 
duplicate records. 

As the fi nal step in the data-gathering process, the data 
sources together with the preliminary estimates were 
circulated to member states of WHO as part of the 
country consultation. Countries were asked to review the 
preliminary estimates and datapoints, and provide any 
relevant additional data, including unpublished data 
sources. All national statistical databases linked to the 
UN were searched for stillbirth data. This step led to 
three times as much vital registration data to be assessed 
because these data have not been routinely collected 
before by WHO.

Inclusion and exclusion criteria and duplicates
Reported data were used as the national estimate for 2009 
if the national vital registration or surveillance system 
had a high capture of stillbirths (defi ned as countries 
with vital registration data of acceptable quality for 
maternal mortality ratio reporting),14 if data for the 
stillbirth rate were available (international comparison 
defi nition of ≥1000 g birthweight or ≥28 completed 
weeks of gestation), and if data were available for 
stillbirth rate for any year from 2007 to 2009.

Figure 1: Data from WHO1 and Saving Newborn Lives/IMMPACT2 estimates
The red line is a 45° line indicating equality between the two sets of estimates. IMMPACT=Initiative for 
Maternal Mortality Programme Assessment. 
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Placental Pathology Results in 
Substudy of 99 Stillbirths 

 
 
 
 
 
 
 
 
 
 
 
 

 

Placental Pathology HIV+  
HAART 
in pregnancy 
N=26 

HIV+ 
ZDV  
in pregnancy 
N=14 

HIV+ 
No ARVs 
in pregnancy 
N=22 

HIV- 
  
  
N=37 

Chronic hypertensive 
damage	
  

17 (65%)	
   6 (43%)	
   4 (18%)	
   20 (54%)	
  

Acute hypertensive 
damage**	
  

1 (4%)	
   1 (7%)	
   6 (27%)	
   3 (8%)	
  

Infection	
   4 (15%)	
   3 (21%)	
   6 (27%)	
   8 (22%)	
  

Other§	
   2 (8%)	
   2 (14%)	
   0 (0%)	
   3 (8%)	
  

Unknown	
   2 (8%)	
   2 (14%)	
   6 (27%)	
   3 (8%)	
  

** 4 women with both acute and chronic hypertensive damage to the placenta were categorized as chronic. 
§ Other = maternal floor infarct (2), hydrops fetalis (2), villous maturational arrest (1), massive chronic 
intervillositis / villitis of unknown/unclear etiology (1), massive perivillous fibrin (1).  
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Placental Pathology Results in 
Substudy of 99 Stillbirths 



 Chronic Placental Hypertensive Damage 

 
 

 
H&E stains of placentas with typical characteristics of hypertension: A. Distal villous 
hyperplasia – small round and elongate villi with large syncytial trophoblastic knots and 
abundant intervillous space. B. Severe decidual vasculopathy with atherosis. C.Chronic 
abruption.  



Mma	
  Bana	
  Study:	
  S-llbirths,	
  Prematurity,	
  Low	
  Birth	
  
Weight,	
  and	
  Congenital	
  Abnormali-es	
  

 
 

Arm A 
(TZV) 

Arm B 
(KAL/CBV) 

Obs Arm 
(NVP/CBV) 

Stillbirths (% of deliveries)    8 (3%)    5 (2%)    11 (7%) 
(p=0.07 for randomized 
vs. observational arms) 

Live births (including twins) 283 270 156 

    Preterm Delivery 
    (< 37 weeks*) 

42 (15%) 61 (23%) 
(p=0.04 for  

Arm A vs. Arm B) 

16 (10%) 

    Low Birth Weight** 
    (< 2.5 kg) 

37 (13%) 45 (17%) 23 (15%) 

    Congenital Abnormality 5 (2%) 5 (2%) 5 (3%) 
* Gestational age determined by last menstrual period and/or ultrasound 
** Significantly higher rate of LBW than previous non-HAART intervention trial, consistent with 
another study from West Africa 



Program Advances 2010-2013 

(countries leading) 



Growing Recognition that Achieving < 2% 
MTCT Will Require: 

1)  Political will 
2)  Facility-based antenatal care 
3)  Presentation before the 3rd trimester 
4)  Opt-out, point-of-care HIV testing in pregnancy 
5)  Linkage to treatment programs 
6) …and possibly Option B+ 



Countries Are Choosing Option B/B+ 
Rather than Option A 

    Rationale: 
 
-- Program simplification / 
coordination with ART 
programs  
--ART now more 
affordable 
-- Perception of increased 
efficacy compared with 
Option A 
-- Avoidance resistance 
concerns 
 



Pros/Cons of B+ 
²  Advantages of B+ include: 

•  No CD4 bottleneck (start everyone), limited or no lab testing 
•  Program simplicity (one treatment / PMTCT regimen) 
•  Decentralization of ART 
•  Future pregnancy protected if late ANC attendance 
•  Avoid multiple Option B stops and starts in high fertility regions 
•  No limits on breastfeeding 
•  Maternal mortality reduction? 
•  Treatment as prevention? 

²  Risks and Unknowns:  
•  Only feasible with Atripla – teratogenicity in future pregnancy? 
•  Pregnancy outcomes with HAART for all HIV+ women? 

•  Same as Option B, but earlier exposure in pregnancy 

•  Cost / treatment fatigue when starting all HIV+ women 
•  Program retention 



WHO Guidelines 2013 
²  Option B+ endorsed by WHO in 

2012, after successful rollout in 
Malawi 
è  Support for use of Atripla to use same 

regimen for PMTCT / treatment 

²  2013 Guidelines: will represent an 
attempt to catch up to where 
countries are heading…. 



²  EFV teratogenicity? 
²  Animal data: In utero exposure in primates at doses resulting in levels 

similar to human exposure, 3/20 infant monkeys had severe CNS defects 
(e.g., anencephaly, cleft palate, anophthalmia). 

v   Antiretroviral Pregnancy Registry: 

FDA Class D 

Retrospective:  6 human cases of CNS 
defects (3 neural tube defects such as 
meningomyelocele) 
Prospective: 2 reports of neural tube / severe 
facial defects 

 
-- 2011 meta-analysis of 1437 women in 19 
studies with first trimester EFV exposure: NO 
increased risk of birth defects, 1 neural tube 
defect (incidence: 0.07%) (AIDS, 2011) 
-- 4 CNS abnormalities reported from ANRS 
cohort (CROI 2013) 
 

1st trimester EFV exposure 
(Fundaro et al.   
AIDS 2002;16:299-300) 

v   Other data: 

Scientific Questions about B+ 



Scientific Questions about B+ 

²  Will there be less long-term viral resistance 
compared with Option B (especially in 
regions with high fertility)?  
 
 
 

B B B B



Scientific Questions about B+ 

²  Mortality advantage compared with B? 
•  No Stop/Start (less time with viremia) 
•  No reliance on CD4 safety net 
 

²  Mma Bana 24 month data (AIDS, 2013) 
è  Option B Study (with continuous ART for those 

< CD4 200/250) 
 



2-year Maternal Results Mma Bana   
HAART Status, CD4+ Change,  and Maternal Mortality Total (N=730) TZV (N=285) KAL-CBV (N-275) NVP-CBV (N=170) 

Stopped HAART < 6 months 75% 95% 97% 4% 

Continued HAART past 6 months for treatment 25% 5% 3% 96% 

Re-started HAART for treatment 9% 11% 12% -- 

Mean baseline CD4+ cell count (cells/mm3) 366 429 436 146 

Mean change in CD4+ at 24 months (cells/mm3) +134 +68 +98 +283 

Maternal Deaths through 24 Months 14 (1.9%) 6 (2.1%) 3 (1.1%) 5 (2.9%) 



Mean CD4+ Cell Count, by Visit   

-- Mean CD4+ cell count increased in all treatment arms (15% of randomized 
women re-started HAART) 
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Change in CD4+ Cell Count, by Visit   
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Median Change: TZV +46, LPV/r +86, NVP +275 
-- For women with baseline CD4 > 250 cells/mm3, significantly higher 
CD4 increase with KAL-CBV vs. TZV (86 vs. 46 cells/mm3, p=0.04) 



2-year Maternal Mortality in Mma Bana 

8 of 9 deaths among randomized women were from 6-24 
months (5 had not re-started HAART) 
•  p = 0.18 for deaths < 6 mos vs > 6 mos among randomized women 
 

Maternal Mortality, by Study Arm and Time Period 



Mortality Summary in Mma Bana 

-- Mean CD4 counts relatively preserved at 24 
months (85% remained off ART) 
 
-- However, 8 of 9 deaths among randomized 
women were after PMTCT intervention had 
stopped; 5 of 8 had not re-started ART (4 of 5 
with last CD4 > 350, would not be eligible by 
current guidelines) 



Scientific Questions about B+ 
²  Treatment as Prevention? 

è  Proven benefits for serodiscordant partners 
(HPTN 052) 
 

²  Cost effectiveness? 
è  At least 2 models suggest cost-effectiveness 

of B+ in African settings, with incremental cost 
effectiveness ratios of $455 and $1370 per 
year of life saved (Fasawe PLoS One 2013, Ciaranello CID 2012) 

 
 



Conclusions 
•  Beginning in 2010, WHO guidelines began promoting 

interventions capable of meaningful MTCT reductions 
•  Countries are now taking the same approach, rapidly moving 

to Option B and B+ programs 
•  As this occurs, program considerations will drive the PMTCT 

agenda, and recommendations will be aimed at facilitating B+ 
options for countries (already endorsed by WHO in 2012) 

•  Scientific agenda will inevitably change 
•  Need to monitor unstudied approaches 
•  New questions may arise from program data 

•  Scientists – don’t fret! 
•  We have reached a tipping point, where the risk from some remaining 

unknowns pales compared with the benefit of meaningful PMTCT 
rollout. It is the right thing to do! 



Thank You! 


