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Background Eliminating mother—to—child transmission of HIV (EMTCT),

defined as <50 infant HIV infections per 100000 live births, is a global
priority. Since 2011 policies to prevent mother—to—child transmission of
HIV (PMTCT) shifted from maternal antiretroviral (ARV) treatment or
prophylaxis contingent on CD4 cell count to lifelong maternal ARV treat-
ment (CART). We sought to measure progress with early (4—8 weeks post-
partum) MTCT prevention and elimination, 2011-2013, at national and
sub—national levels in South Africa, a high antenatal HIV prevalence set-
ting (=29%), where early MTCT was 3.5% in 2010.

Methods Two surveys were conducted (August 2011-March 2012 and
October 2012—May 2013), in 580 health facilities, randomly selected af-
ter two—stage probability proportional to size sampling of facilities (the
primary sampling unit), to provide valid national and sub—national—(pro-
vincial-level estimates. Data collectors interviewed caregivers of eligible
infants, reviewed patient—held charts, and collected infant dried blood
spots (iDBS). Confirmed positive HIV enzyme immunoassay (EIA) and
positive total HIV nucleic acid polymerase chain reaction (PCR) indicated
infant HIV exposure or infection, respectively. Weighted survey analysis
was conducted for each survey and for the pooled data.

Findings National data from 10 106 and 9120 participants were analyzed
(2011-12 and 2012-13 surveys respectively). Infant HIV exposure was
32.2% (95% confidence interval (CI) 30.7-33.6%), in 2011-12 and
33.1% (95% CI 31.8-34.4%), provincial range of 22.1-43.6% in 2012—
13. MTCT was 2.7% (95% CI 2.1%—-3.2%) in 2011-12 and 2.6% (95%
CI 2.0-3.2%), provincial range of 1.9-5.4% in 2012—13. HIV—infected
ARV—exposed mothers had significantly lower unadjusted early MTCT
(2.0% [2011-12: 1.6-2.5%; 2012-13:1.5-2.6%]) compared to HIV—in-
fected ARV—naive mothers [10.2% in 2011-12 (6.5-13.8%); 9.2% in
2012-13 (5.6-12.7%)]. Pooled analyses demonstrated significantly low-
er early MTCT among exclusive breastfeeding (EBF) mothers receiving
>10 weeks ARV prophylaxis or cART compared with EBF and no ARVs:
(2.2% [95% CI11.25-3.09%] vs 12.2% [95% CI1 4.7—19.6%], respective-
ly); among HIV—infected ARV—exposed mothers, 24.9% (95% CI 23.5—
26.3%) initiated cART during or before the first trimester, and their early
MTCT was 1.2% (95% CI 0.6—1.7%). Extrapolating these data, assum-
ing 32% EIA positivity and 2.6% or 1.2% MTCT, 832 and 384 infants
per 100000 live births were HIV infected, respectively.

Conclusions: Although we demonstrate sustained national-level PMTCT
impact in a high HIV prevalence setting, results are far—removed from
EMTCT targets. Reducing maternal HIV prevalence and treating all ma-
ternal HIV infection early are critical for further progress.
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Eliminating mother—to—child transmission of HIV (EMTCT)
is pivotal to improving child survival in high HIV-burden,
resource—limited settings [1]. South Africa, an archetypal
high HIV prevalence, middle—income country, with social
and political idiosyncrasies after an apartheid history, has
prioritised EMTCT. Since 2014 this has been defined as <5%
mother to child transmission of HIV (MTCT) at final end-
point in breastfeeding populations, <50 new infant HIV in-
fections per 100000 live births, 295% coverage of antenatal
care among all women, >95% coverage of HIV testing and
receipt of results and >90% coverage of antiretroviral drugs
among HIV positive pregnant women [2,3]. Globally, strate-
gies to prevent MTCT (PMTCT) are guided by a comprehen-
sive four—prong approach, namely: (i) primary prevention
of incident HIV infections; (ii) prevention of unplanned
pregnancies; (iii) antiretroviral (ARV) drug interventions,
and (iv) care, treatment and support, which aims to integrate
PMTCT interventions into routine maternal, newborn and
child health services [4].

Early, long—term triple combination antiretroviral therapy
(cART) among HIV—positive women with higher CD4 cell
counts (250500 cells/mm?), or extended infant antiretro-
viral (ARV) prophylaxis have increased the impact of prong
(i) [5-7]. In 2010, the World Health Organization (WHO)
PMTCT update recommended PMTCT Option “A” or “B”
[8]: “A” provides antiretroviral prophylaxis (ARVP) from
14 weeks gestation for HIV—infected pregnant women with
CD#4 cell counts >350 cells/mm? and infant nevirapine
(NVP) prophylaxis throughout breastfeeding; or lifelong
cART for HIV—infected pregnant women with CD4 cell
counts <350 cells/mm?® or WHO stage 3—4 disease with 6
weeks of infant NVP prophylaxis; “B” provides cART dur-
ing breastfeeding for all HIV—positive pregnant and lactat-
ing women with six weeks infant NVP or continued ma-
ternal cART beyond breastfeeding cessation if maternal
CD4 cell count <350 cells/mm?’or WHO stage 3—4 disease.
Since 2013 a rapid shift to PMTCT Option B+ has oc-
curred, and 18 of the 22 Global Plan priority countries
(countries that house >90% of the world’s population of
pregnant HIV positive women) have either endorsed, im-
plemented or conducted national scale—up of PMTCT Op-
tion B+ [9]. “B+” has reduced final MTCT to <2% in non—
breastfeeding countries [10].

South Africa’s national PMTCT program began with mater-
nal and infant single dose NVP (sdNVP) in 2002, and tran-
sitioned to dual ARV therapy in February 2008, to WHO
PMTCT Option A in April 2010, PMTCT Option B in April
2013 and PMTCT Option B+ in January 2015 [11].

Between 2001 and 2010, in resource—limited, high HIV
prevalence countries, such as South Africa, rigorous routine
measurements of national PMTCT impact and trends were
simply unavailable. In 2010, using cross—sectional non—
routine surveillance methodology at immunisation service

delivery points we conducted the first national PMTCT ef-
fectiveness evaluation in South Africa, which documented
a3.5% (95% CI 2.9-4.1%) risk of MTCT, measured at 4—8
weeks postpartum (median 6 weeks), nationally under the
2008 PMTCT policy [12]. This paper presents the results
of two subsequent national surveys, conducted to measure
national and provincial-level PMTCT impact, measured
17-24 (August 2011-March 2012) and 31-38 (October
2012-May 2013) months after implementing PMTCT Op-
tion A, and during the first 2 months (April-May 2013) of
transitioning to PMTCT Option B. During this time, the
South African national PMTCT program aimed to reduce
MTCT to less than 2% and less than 5% at six weeks and
18 months postpartum, respectively.

METHODS

The methods have been explained in detail elsewhere
[11,13]. In summary, two cross—sectional, facility—based,
national epidemiological surveys were conducted between
August 2011-March 2012 and October 2012—-May 2013.
Public health non—-mobile facilities offering infant immun-
isation services in each of the nine provinces were stratified
according to their six—=week annual immunisation numbers
and antenatal HIV prevalence [12,14]. Specifying relative
precisions of 30% to 50% for the expected MTCT rate
across provinces plus a design effect of 2 yielded a total de-
sired sample size of 12200 infant dried blood spot speci-
mens (iDBS). Stratified two—stage sampling was used with
facilities sampled with probability proportional size and
with replacement [15]. At the second stage a fixed number
of infants per facility, representing the median number of
infants expected within the sampling window (three weeks
in 8 provinces; four weeks in the sparsely populated, low
HIV prevalence Northern Cape province), were sampled
to ensure a self—weighting sample at provincial level. Data
were gathered using a questionnaire adapted from several
validated tools [13,16,17]. Trained study nurses recruited
eligible consented infants (aged 4-8 completed weeks; re-
ceiving their six-week immunisation; not needing emer-
gency care) and their caregivers [12]. Data on ARV expo-
sure and infant feeding were self-reported [12]. Trained
supervisors used standard operating procedures to moni-
tor field work. Infants (not mothers) were tested for HIV
antibodies to infant HIV exposure [11,13].

All infant dried blood spots (iDBS) were tested at the Na-
tional Institute for Communicable Diseases, Johannesburg,
using standardised accredited procedures, namely Enzyme
immunoassay (EIA) (Genscreen HIV1/2 Ab EIA Version 2,
Bio—Rad Laboratories, Schiltigheim, France) to detect HIV
antibodies. All antibody—positive and 10% of negative
specimens were re—tested using a second EIA (Vironostika
HIV Uni—form II plus O, bioMérieux Clinical Diagnostics,
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Marcy-LEtoile, France). Discordant results were re—pro-
cessed using Western blot (GS HIV-1, Bio—Rad, Schilt-
igheim, France). iDBS with concordant positive or discor-
dant EIA results or from self-reporting HIV—positive
mothers were tested using a qualitative total nucleic acid
Polymerase Chain Reaction (PCR) to determine infant’s
HIV infection (COBAS AmpliPrep/COBAS TagMan (CAP/
CTM) Qualitative assay version 1.0, Roche Diagnostics,
Branchburg NJ, USA).

For data analysis sample weights were calculated that con-
sisted of two components: first realization weights were
calculated depending on the realization within the strata of
each province and second provincial weights. For the lat-
ter weight the number of live—births recorded across the
nine provinces pertaining to the survey year was used. The
sample weight was the product of realization weight and
provincial weight and represents the number of live births
the observed participant represents. The survey analysis
took into account stratification, different sampling stages,
the finite number of primary sampling units (PSU) and the
design effect. Data were analyzed using SAS (SAS Institute
N Carolina, Cary NC, USA) version 9.2and 9.4.

During data analysis self~reported maternal antiretroviral
uptake was classified into three main groups with nine
sub—groups (Figure 1).

Early MTCT by ARV category was initially measured using
ARV definitions from Figure 1. Thereafter to facilitate com-
parison with the 2010 survey antiretroviral exposure was
re—categorised into three main groups with six main cate-
gories, namely (i) “advanced regimen” group including

(1) Advanced regimen group,
including those mothers on:

¢ (1a) triple antiretroviral therapy
commenced in the first trimester
or before, with postnatal infant
nevirapine or infant AZT
prophylaxis or

s (1b) triple antiretroviral therapy
commenced in the second
trimester with infant nevirapine
or infant AZT prophylaxis or

* (1c) triple antiretroviral therapy
commenced in the third trimester
with infant nevirapine or infant
AZT prophylaxis or

* (1d) AZT prophylaxis commenced
in the first trimester with infant
nevirapine or infant AZT
prophylaxis or

¢ (1e) AZT prophylaxis commenced
in the second trimester with
infant nevirapine orinfant AZT
prophylaxis

prophylaxis or

(2) Other ARV regimen group,

including:

¢ (2a) mother received AZT in the
third trimester with infant
nevirapine or infant AZT

mothers on cART or Azidothymidine (AZT) for >10 weeks
and infant on sdNVP and/or AZT at birth (ARVP >10wks);
(ii) “other ARV regimen” group including mothers on AZT
for <10 weeks and infants on sdNVP and/or AZT at birth
(ARVP <10 weeks) or mothers or infants (but not both) on
any ARVs (incomplete ARVP) and (iii) “no known ARV
group” including mothers and infants on no ARVs or with

missing ARV information) [11].

Self-reported infant feeding was categorised using WHO
definitions: exclusive breastfeeding (EBF), avoiding breast-
feeding (FF) and mixed breastfeeding (MBF) [18].

Simple logistic regression followed by multivariable logistic
regression was conducted to examine risk factors for early
MTCT using pooled data from the 2011-12 and 2012-13
surveys. Clinically important predictors and risk factors
with P<0.25 in univariate unweighted analysis were in-
cluded in the preliminary main effects model. Variables
with P<0.05 or those that changed the odds ratio of the
key exposure variable by 10% or those that were thought
to be important independent predictors of MTCT in theo-
retical models were included in the penultimate model.
The final model was selected based on model fit statistics
(the best fit) with the lowest likelihood ratio and a signifi-
cant model chi-square test (P<0.05).

Ethical approval was obtained from the Medical Research
Council and the United States Centers for Disease Control
and Prevention. All caregivers included in analyses provid-
ed informed consent.

(3) No known ARV group,
including:

¢ (3a) mothers and infants reported
receiving no ARV or

* (3b) missing ARV information

¢ (2b) mothers or infants (but not
both) received any ARVs
(incomplete ARVP)

Figure 1. Classification of antiretroviral uptake 2011-2012 and 2012-13. Maternal self-reported antiretroviral uptake was
classified into three overall groups with sub-categories in each group. AZT — azidothymidine, ARV — antiretroviral.
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RESULTS

In the 2011-12 and 2012-13 surveys, respectively, 11 377
and 10 533 participants were screened and 10482 and
9679 were enrolled; of the enrolled participants, iDBS were
available on 10 106 (96.5%) and 9120 (94.2%) infants re-
spectively, yielding a sample realization of 83% and 75%
(Table 1). Provincial sample realization ranged from 73%—
89% in 2011-12 and 56%-91% in 2012—-13. The lower
sample realization in 2012-13 is explained by the late
(year—end) start date, vaccine stock—outs, facility changes
from daily immunisation to weekly immunisation days and
increased use of mobile services.

The weighted PMTCT cascade

Among all mothers self-reported weighted uptake of ante-
natal HIV testing was 98.3% (95% CI 98.0%-98.6%) in
2011-12 and 95.5% (95% CI 95.0-96.0%) in 2012—-13
(Figure 2). In both surveys 99.4-99.8% of tested mothers
received their results. This demonstrated that in 2012—-13
almost 95% of all mothers were tested and received their
HIV test results.

Among self—reported HIV—positive mothers 86.4% (95%
CI 84.2-88.7%) and 92.1% (95% CI 90.7%—93.5%) re-
ported being tested for CD4 cell count in 2011-12 and
2012-13, respectively, and 77.4% (95% CI 74.9-80%) and
65.9% (95% CI 63.3-68.6) reported knowing their CD4
results. The median reported CD4 cell count was 359 cells/
mm?® (interquartile range IQR 240-499) in 2011-12 and
372 cells/mm’ (IQR 264-500) in 2012-13.

The proportion of self-reported HIV positive women re-
ceiving maternal cART increased by 12.9%, from 41.9%
(95% CI 39.7-44.2%) in 2011-12 to 54.8% (95% ClI
52.6%—57.0%) in 2012—-13, while receipt of any maternal

or infant prophylaxis dropped by 8.1%, from 52.0% (95%
Cl 49.7-54.2%) in 2011-12 to 43.9% (95% CI 41.8—
46.1%) in 2012-13. Due to the increased cART uptake
overall, ARV coverage among self-reported HIV positive
women increased from 93.9% in 2011-12 to 98.7% in
2012-13.

Among EIA positive infants: 85.9% (95% CI 84.3-87.5)
and 91.3% (95% CI 90.0-92.6%) were born to mothers
who reported receiving any maternal antiretroviral therapy
in 2011-12 and 2012-13 respectively; 93.4% (95% CI
92.4-94.5%) and 94.0% (95% CI 92.9-95.1%) reported
initiating infant NVP prophylaxis in 2011-12 and 201213
respectively and 86.4% (95% CI 84.3-88.5%) and 91.4%
(95% C195.1-96.2%) reported current infant NVP—use at
the time of interview (six weeks postpartum); any breast-
feeding increased from 53.0% (95% CI 50.4-55.5%) in
2011-12t072.2% (95% C1 70.1-74.2%) in 2012—13; EBF
increased from 35.5% (95% CI 33.1-38.0%) in 2011-12
to 54.1% (95% CI 51.9%-56.2%) in 2012—13 and MBF
increased from 14.0% (12.3-15.7%) in 2011-12 t0 20.5%
(18.8-22.1%) in 2012-13. Avoiding breastfeeding de-
creased from 47.1% (44.9—49.3%) in 2011-12 to 27.7%
(95% C125.6-29.7%) in 2012-13.

Weighted Infant HIV exposure and MTCT

In 2011-12 and 2012-13 self-reported maternal HIV pos-
itivity was 29.5% (95% CI 28.0-32.2%) and 32.1% (95%
CI 30.8-33.4%) respectively while infant EIA positivity
was 32.2% (95% CI 30.7-33.6%) and 33.1% (95% CI
31.8-34.4%) respectively (Table 1). The national popula-
tion—level risk of early MTCT measured among EIA posi-
tive infants was 2.7% (95% CI1 2.1-3.2%) in 2011-12 and
2.6% (95% C12.0-3.2%) in 2012-13. Early MTCT varied
provincially from 2.0% (95% CI1 0.6-3.3) to 6.1% (95% CI

Tahle 1. Sample realization, infant HIV exposure and early MTCT at 6 weeks (range 4—8 weeks) postpartum: 2011-12 and 2012—13

Province Aucust 2011 — March 2012 surver®

Ocroaer 2012 — May 2013 survey'

Sample realization Weighted % Infant Weighted % Sample realization Weighted % Infant ‘Weighted%
number (%) HIV—exposure MTCT (95% CI) number (%) HIV-Exposure MTCT (95% CI)
South Africa 10106 (83%) 32.2 (30.7-33.6) 2.7 (2.1-3.2) 9120 (75%) 33.1(31.8-34.4) 2.6 (2.0-3.2)
Eastern Cape 1194 (85%) 32.0 (29.6-35.5) 3.8(2.1-5.5) 1035 (74%) 29.0 (25.1-32.9) 2.4(1.1-3.8)
Free State 1056 (81%) 30.9 (28.6-33.3) 3.8(2.3-5.3) 868 (67) 34.2 (30.6-37.7) 2.8 (1.5-4.D%
Gauteng 1607 (89%) 33.1(29.8-36.4) 2.1(0.9-3.4) 1637 (91%) 34.0 (30.6-37.4) 2.2 (1.3-3.1)
Kwa—Zulu Natal 1052 (75%) 44.4 (39.8-48.9) 2.1(0.9-3.3) 1060 (76%) 43.6 (39.5-47.8) 2.9 (1.3-4.6)
Limpopo 1070 (76%) 23.0 (19.9-26.2) 3.1(1.2-4.9) 1225 (88%) 25.2(21.8-28.7) 2.1 (0.6-3.6)
Mpumalanga 1210 (76%) 35.6 (33.3-37.8) 3.3 (2.2-4.5) 898 (56%) 37.6 (33.6-41.7) 1.5 (0.6-2.3)%
Northern Cape 506 (72%) 15.1 (12.7-17.5) 6.1 (2.5-9.6)% 426 (61%) 20.9 (15.6-26.2) 2.2 (0.4-4. D%
North West 1037 (86%) 30.8 (28.5-33.1) 2.6 (1.1-4.0) 781 (65%) 31.4(27.8-35.0) 5.4 (3.4-7.4)%
Western Cape 1374 (98%) 17.8 (14.8-20.8) 2.0 (0.6-3.3) 1190 (85%) 22.1(17.8-26.6) 1.9 (0.4-3.3)

MTCT — mother—to—child transmission, CI — confidence interval

*Conducted during months 17 (August 2011) to 24 (March 2012) after PMTCT Option A became policy.
tConducted during months 31-38 after PMTCT Option A was adopted and includes the first 2 months (April and May 2013) of PMTCT Option B

policy implementation.

FSample realization <70%, thus these MTCT estimates may be subject to bias.
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Figure 2. Weighted uptake along the PMTCT (prevent mother—to—child transmission) cascade among self—reported HIV positive
women 2011-2012 and 2012-2013. PE — point estimate; LL — lower limit of 95% confidence interval (CI); UL — upper limit of 95%
CI, cART — combination antiretroviral therapy, AZT — azidothymidine, ARV — antiretroviral, NVP — nevirapine.

2.5-9.6) in 2011-12 and from 1.5% (95% CI 0.6-2.3) to
5.4% (95% CI 3.4—7.4) in 2012—13 (Table 1). The unad-
justed pooled early MTCT (2011-12 and 2012-13) was
2.6% (2.2-3.1%).

In2011-2012 and 2012-13 among “mothers receiving any
PMTCT intervention(s)”, early MTCT was 2.0%, (95% CI
1.6-2.5% and 1.5-2.6%, respectively); among mothers
who did not know that their infants were EIA—positive,
early MTCT was 10.2% in 2011-2012 (95% CI 6.5—
13.8%) and 9.2% in 20122013 (95% CI 5.6-12.7%), re-
spectively (Figure 3).Overall, the risk of unadjusted MTCT
differed significantly by antiretroviral exposure (Table 2,
P<0.0001 for Columns A—C). Columns B and C present
early MTCT using the pooled 2011-13 data set analyzed
according to the 2010 survey ARV categories [11], to fa-
cilitate comparison. Of note is that early MTCT decreased
to 1.2% (0.6-1.7) among HIV positive mothers who com-
menced cART in the first trimester or before.

Table 3 illustrates that controlling for maternal age, socio—
economic status (SES), marital status, education, gestation-
al age at first ANC visit, total number of lifetime pregnan-
cies, whether or not the current pregnancy was planned,
province, survey year and whether or not the infant weighed
less than 2.5kg at birth, the adjusted odds of early MTCT
increased significantly if mother started ARVP in the second
trimester (after 12 weeks’ gestation) or if only mother or
baby or neither received antiretroviral drugs, compared to
mothers who received cART in the first trimester or before.
There were no additional significant MTCT differences be-
tween any of the other ARVP groups, although this could

relate to small sample sizes. However the point estimates
for early MTCT tended to increase as ARV exposure de-
creased.

Table 4 demonstrates the protective effect of advanced an-
tiretroviral regimens on early MTCT within exclusively
breastfeeding populations (2.17% [1.23-3.09%]) in the EBF
group with advanced regimens compared with 12.17%
(4.7-19.6%) in the no ARV group. Among EBF women who
initiated cART in the first trimester or before, early MTCT
was 0.82% (0.06-1.58%), data not shown in the table.

DISCUSSION

These PMTCT surveillance studies conducted at national
and subnational (provincial) levels, in public health facili-
ties that provide care for the majority of South Africa’s chil-
dren, demonstrated that population—level early MTCT was
sustained at 2.6%, 17—24 and 31-38 months after PMTCT
Option A policy was adopted. HIV testing uptake was 95%
and at least 99.7% of tested mothers received their HIV test
results; thus almost 95% of all mothers receive their HIV
test results. Therefore the >95% validation target for HIV
testing uptake has just about been met in 2012—13. Mater-
nal antiretroviral uptake among mothers with EIA positive
infants was 91.3% (90.0-92.6%) in the 2012—13 survey,
also meeting this EMTCT validation target at national level.

Although the 2.6% was a reduction from previous MTCT
estimates in South Africa, these data show that the nation-
al target of <2% at 6 weeks postpartum was not achieved.
Uptake of first trimester cART reduced early MTCT to

www.jogh.org ® doi: 10.7189/jogh.06.020405
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1.17% (0.61-1.72). Extrapolating these results to num-
bers, assuming 32% infant HIV exposure among 100 000
live births, 2.6% early MTCT means that by 6 weeks post-
partum, 832 infants per 100000 live births were HIV in-
fected, and 1.17% early MTCT means that 384 infants per
100000 live births were HIV infected. These extrapolations
are far higher than the EMTCT target of <50 HIV infected

infants per 100000 live births, and are driven by the high
HIV prevalence in South Africa.; These stark findings illus-
trate the importance of a public health approach to PMTCT,
which locates all PMTCT interventions within a comprehen-
sive framework aiming to reduce new HIV infections among
young women of reproductive age, thus reducing antenatal
HIV prevalence. Although the paper confirms that early

Tahle 2. MTCT by various antiretroviral exposures: pooled 2011-12 and 2012-13 data

ANTIRETROVIRAL REGIMEN UnwEIGHTED

rREQUENCY OF 0BSER-  OF HIV posiTive INFANTS
(wergnen HIV posimive
FREQUENCY)

VATIONS (WEIGHTED
FREQUENCY)

Advanced regimen group:

Unweicnteo Freauency  Werghten MTCT (%)

Weiehren MTCT (%)
Accoroing 10 ARV croups
GENERATED IN THE 2010 paper
[11] (Corumn B)

Weichteo MTCT (%)
Accoroing 10 ARV croups
GENERATED IN THE 2010
pAPER [11]
(Corumn C)

(Corumn A)

(1a) cART commenced in Ist trimester 1472 (187 986) 19 (2201) 1.17 (0.61-1.72) 2010 1a, 1.60 1.84 (1.44-2.25)
or before with infant postnatal (1.15-2.05)
prophylaxis

(1b) cART commenced in 2nd trimester 727 (96677) 14 (1638) 1.69 (0.76-2.62)

with infant prophylaxis

(1c) cART commenced in 3rd trimester 163 (35699) 2 (330) 0.92 (0.00-2.22)

with infant prophylaxis

(1d) AZT prophylaxis commenced in 821 (102 640) 20 (2619) 2.54 (1.28-3.80) 2010 1b, 2.30

1st trimester with infant prophylaxis (1.42-3.2)

(ARVP)

(le) AZT prophylaxis commenced in 1087 (151221) 26 (3515) 2.31(1.42-3.21)

2nd trimester with prophylaxis (ARVP)

Other ARV regimen group:

(2a) AZT prophylaxis commenced in 205 (27856) 2 (368) 1.32 (0.00-3.16) 2010 2a, 1.32 2.49(1.36-3.61)
3rd trimester with prophylaxis (ARVP) (0.00-3.16)

(2b) mothers or infants (but not both) 507 (62419) 19 (2446) 3.90 (1.88-5.92) 2010 2b, 3.90

received any ARVs (incomplete ARVP) (1.88-5.92)

No known ARV group:

(3a) mothers and infants reported 63 (8119) 8 (995) 2010 3a, 11.40 (3.75-19.05)
receiving no ARV

(3b) missing ARV information 643 (76929) 48 (5875) 2010 3b, 7.28 (5.03-9.53)

MTCT — mother—to—child transmission, cART — combination antiretroviral therapy, AZT — azidothymidine, ARV — antiretroviral, ARVP — antiretroviral

prophylaxis

16

14

12

10

% MTCT

2% National and ‘Global

Plan’ target at 6 weeks  f-—-
postpartum

2011-2012 2012-2013

Any PMTCT 2011-12 No PMTCT. Infant EIA  Any PMTCT 2012-13 No PMTCT. Infant EIA

positive. 2011-12 positive. 2012-13

Figure 3. MTCT (mother—to—child transmission) measured in 2011-12 and 2012—13, with and without any PMTCT (prevent
mother—to—child transmission) intervention. EIA — enzyme immunoassay.
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Tahle 3. Associations between key PMTCT interventions and weighted perinatal infant HIV positive status in HIV exposed infants,
South Africa, pooled data 2011-2013

FreauEncy oF FReuENCY OF Unansusteo OR, Avausten ORT, Avausten ORT, Aoyusten ORT, Aoyusten ORE, Finar
HIV exposep HIV nrecten (95% CI) Mobee 18 Mobe 2| | Mobee 39 MobeL**

nranTs with PCR  irant n = 160,
gesuurs™, n = 5889 (Nw =20130)
(Nw=1762314)

CD4: 7t

<350 cells/mm’ 1682 (224217) 35(3977) 0.87 (0.51-1.50) 0.98 (0.42-2.05) 0.96 (0.46-2.01)
>350 cells/mm’® 1927 (258908) 35 (5258) Ref Ref Ref

Missing 2230 (272433) 90 (10895)  2.01 (1.30-3.1)  0.79 (0.40-1.55) 0.78 (0.40-1.51)
Advanced regimen group (as defined in Figure 1):

(1a) 1472 (187986) 19 (2201) Ref Ref Ref

(1b) 727 (96677) 14 (1638) 1.45(0.70-3.005) 1.84 (0.81-4.18) 1.82 (0.8-4.1)
(1) 163 (35699) 2 (330) 0.79 (0.18-3.46)  0.43 (0.05-3.56) 0.44 (0.05-3.56)
(1d) 821 (102640) 20 (2619)  2.21 (1.08-4.52)  2.06 (0.78-5.44) 2.07 (0.79-5.43)
(1e) 1087 (151221) 26 (3515) 2.01 (1.09-3.7)  2.43(1.13-5.23) 2.37 (1.1-5.15)%%
Other ARV regimen group (as defined in Figure 1):

(2a) 205 (27856) 2 (368) 1.13 (0.25-5.06) 1.32 (0.25-6.83) 1.25 (0.24-6.39)
(2b) 507 (62419) 19 2446)  3.44 (1.66-7.14) 4.12 (1.53-11.43) 4.16 (1.53-11.35)%%
No known ARV group (as defined in Figure 1):

(3a) 63 (8119) 8 (995) 11.78 (4.83-28.75) 9.04 (2.14-38.19) 9.0 2.17-37.38)%%P
(3b) 643 (76929) 48 (5875) 7.0 (3.85-12.65) 11.90 (4.64-30.49) 11.58 (4.46-30.05)%%
Infant feeding practices:

FF 2212 (289615) 46 (6218) Ref Ref Ref

EBF 1452 (192577) 41 (6044) 1.77 (1.09-2.87) 1.98 (1.08-3.66) 1.80 (0.95-3.42)
Mixed BF 365 (46619) 12 (1379) 1.67 (0.88-3.12) 1.48 (0.76-2.88) 1.04 (0.52-2.10)
Delivery type:

Cesarean 1322 (178656) 31 (4385) Ref Ref Ref

Vaginal 4404 (563637) 124 (15234) 0.91 (0.58-1.42) 0.46 (0.20-1.05)  0.82 (0.43-1.59)

PMTCT — prevent mother—to—child transmission, EBF — exclusive breastfeeding, FF — formula feeding (no breastmilk), MF — breastfeeding with other
fluids or solids, ARV — antiretroviral, CI — confidence interval, OR — odds ratio, Nw — weighted population number, Ref — reference group

*55 (unweighted) exposed infants with missing HIV DNA test results excluded from this analysis.

tAdjusted for maternal age, SES, marital status, education, gestational age at first ANC visit, total number of lifetime pregnancies, whether or not the
current pregnancy was planned, province, survey year and whether or not the infant weighed less than 2-5kg at birth.

FAdjusted for maternal age, SES, marital status, education, gestational age at first ANC visit, total number of lifetime pregnancies, whether or not the
current pregnancy was planned, province, survey year and whether or not the infant weighed less than 2-5kg at birth.

8Observations used=3571; —2LL=107 170; Wald P<0.0001.

||Observations used =3571; —2LL=101093; Wald P<0.0001.

q9Observations used=3571; —2LL=101775; Wald P<0.0001.

#*(Observations used=3571; —2LL=95350.75; Wald P<0.0001.

T¥Self-reported databased on mother’s last CD4 cell count.

#¥Significant relationship between characteristic and MTCT.

Table 4. Stratified analysis of MTCT by infant feeding practice and PMTCT regimen

FEEDING PATTERN CHARACTERISTIC ADVANCED REGIMEN GROUP®, Orner ARV ReGIMEN No known ARV group*,
OVER PREVIOUS 8 P=10.27 choup®, P=0.44 P=0.05
D AT 6 WEEKS
EFF Unweighted number—UWNo. HEI (weighted number WNo HEI) 1770 (234655) 235 (30524) 210 (25226)
UWNo HIV positive infants—HPI 29 (3383) 7 (739) 10 (1097)
(WNo HPI)
Weighted MTCT risk % (95% CI) 1.44 (0.92-1.97) 2.40 (0.53—4.31) 4.35 (1.39-7.30)
EBF UWNo. HIV-exposed infants (HEID) 1166 (1554) 196 (25414) 97 (12775)
(WNo HEI)
UWNo HPI 25 (3374) 6(1115) 10 (1555)
(WNo HPI)
Weighted MTCT risk % (95% CI) 2.17 (1.25-3.09) 4.39 (0.57-8.21) 12.17 (4.7-19.6)
MBF UWNo. HEI 227 (29465) 53 (6171) 93 (11926)
(WNo HEI)
UWNo HPI 3(329) 3 (326) 6 (726)
(WNo HPI)
Weighted MTCT risk % (95% CI) 1.12 (0.0-2.46) 5.27 (0-11.04) 6.08 (1.04-11.12)

MTCT — mother—to—child transmission, PMTCT — prevent mother—to—child transmission, EFF — formula feeding (no breastmilk), EBF — exclusive breast-
feeding, MBF — breastfeeding with other fluids or solids, UWNo — unweighted number, WNo — weighted number; HEI — HIV—exposed infants, HPT —
HIV positive infants, CI — confidence interval

*As defined in Figure 1.
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cART initiation is feasible and critical for further reducing
MTCT in high HIV prevalence settings, it substantiates the
view that prong 3 can reduce but not eliminate MTCT.

Advanced antiretroviral therapy (any cART or ARVP to
mother before the third trimester, with infant prophylaxis)
compared to no PMTCT drug interventions, reduced the
MTCT associated with exclusive breastfeeding (EBF) from
12.17% t0 2.17% (1.25-3.09%), and first trimester cART
reduced EBF-associated MTCT to 0.82%.

The overall MTCT risk declined by 22% from the 3.5%
(95% CI12.9-4.2%) achieved under dual prophylaxis/2006
WHO PMTCT guidelines/2008 SA PMTCT guidelines
[11]. Similarly any cART—use under PMTCT Option A pol-
icy demonstrated tendency toward lower early MTCT (Col-
umn B in Table 2, 1.6% [1.15-2.05%]) compared with
cART—use reported in the 2010 survey [11], under 2008
SA PMTCT guidelines) (2.1% [95% CI 1.2-3.0%]), illus-
trating the population—level effect of cART initiation at
higher CD#4 cell counts. The results confirm that PMTCT
impact can be sustained at national level, despite increas-
ing breastfeeding uptake. The increased breastfeeding be-
tween 2011-12 and 2012-13 could be explained by the
August 2011 national policy change (South African Tsh-
wane Declaration of Support for Breastfeeding) to support-
ing breastfeeding among all women, regardless of HIV sta-
tus. Formula feeding was only supported in special
circumstances and for medical indications. The phasing out
of free commercial infant formula for HIV positive women,
as part of the PMTCT program began in January 2012 and
free formula was fully withdrawn by September 2012.

This was the first national evaluation of PMTCT Option A
in a breastfeeding setting. Interestingly, the two popula-
tion—level surveys yield lower MTCT estimates compared
with recent clinical trials conducted in breastfeeding set-
tings [7]. Short—course maternal cART or long—course ma-
ternal ARVP with infant extended or short—term prophy-
laxis reduced early MTCT to 3.3%, 4.5% or 6.5%. The
former result is from the Kesho Bora study which offered
cART from 28-36 weeks gestation till 6 months postpar-
tum to women with CD#4 cell counts between 200 and 500
cells/mm? [19]. The latter two results are from the Breast-
feeding Antiretroviral and Nutrition (BAN) study which
provided daily infant NVP or maternal cART from 1 week
till 6 months postpartum, respectively [20].

Also of note is that these population—based findings do not
corroborate modeling estimates, which suggest that reduc-
ing MTCT to <2% at 6 weeks and <5% at the final endpoint
can only be achieved with >90% coverage with ART, great-
er than 50% reduction in incident HIV infection and 0%
unmet need for family planning [21]. In the pooled analy-
sis MTCT under PMTCT Option A was <2% among wom-

en who received cART before or during the first trimester
(1.17%, 0.6—1.7%). However our calculations demonstrate
that number of HIV infected children remain unacceptably
high, being driven by high maternal HIV prevalence.

Among “middle—income” countries EMTCT has only been
reported from Cuba, a non—priority country for MTCT
elimination, where adult and antenatal HIV prevalence is
very low (<0.1%) and a comprehensive national PMTCT
program began in 1986, transitioning to PMTCT Option
B+in 2011 [22].

The results of our national surveys were limited by low
provincial sample realization, which was addressed by
weighting the data; exclusion of sick or dead infants, which
may have over—estimated PMTCT effectiveness; lack of ini-
tial and current CD4 cell count and viral load data which
precluded more in—depth analysis of MTCT by viral load
or CD4 cell count, use of self—reported data on ARV use,
and few events (outcomes) within antiretroviral regimen
groups which reduced precision. Notwithstanding these,
consistency between the PMTCT survey’s self-reported
HIV sero—prevalence (29.5%) and anonymous annual an-
tenatal survey’s HIV sero—prevalence (29.5%), despite the
use of different sampling frames, confirms the robustness
of the self—reported data.

CONCLUSIONS

Three years after changing to PMTCT Option A, a sustained
lower risk of early MTCT was measured at population level.
Despite the existence of a mature PMTCT program with in-
creasing cART coverage, there were still missed opportuni-
ties for PMTCT interventions particularly among undiag-
nosed HV positive mothers. MTCT was reduced to less than
2% only among mothers who initiated cART during the first
trimester or before. Despite a reduction in percentage MTCT,
the number of infant HIV infections per 100000 live births
at six weeks postpartum, was above the global validation tar-
get. Eliminating unidentified maternal HIV infections
[23,24], reducing maternal HIV prevalence and improving
retention in HIV-related care (early cART initiation and ad-
herence) [25] are critical to closing current gaps.

These periodic surveys, conducted nationally among all
children attending public health facilities for immunization
regardless of their mothers HIV status, have been pivotal
in tracking national and subnational PMTCT impact in
South Africa. While routine systems are being strengthened
to monitor PMTCT impact, national surveys, such as these
reported in this paper, conducted every two to three years
are key for tracking PMTCT impact. Where routine systems
are strong, periodic surveys conducted every four to five
years may be important to validate routine data.

DECEMBER 2016 * VOL. 6 NO. 2 » 020405

www.jogh.org * doi: 10.7189/jogh.06.020405



Early national operational effectiveness of PMTCT Option A on MTCT

Acknowledgments: The authors thank Dr Nobubelo Ngandu for assistance with data cleaning, Ms
Mireille Cheyip and Dr Mary Mogashoa (collaborators) from the CDC, South African Medical Re-
search Council (SA MRC) administrative and research support staff: Ms Jazelle Kiewitz, Ms Lucille
Heyns, Ms Natasha Titus, Ms Nontombi Memela, Ms Thantaswa Mbenenge— Mqungquthu, SA MRC
Human Resources, Finance and Legal Departments: Mr. Phillip Swart, Ms Lee—Anne Maclean, Mr.
‘ Hermanus Stoftberg, Ms Tasnim Mohsam, Mr. Philip du Plessis; Heads of Health / Superintendent
N Generals of all provinces; Provincial Departments of Health, Provincial Research Committees, District
Managers, Survey supervisors.

Disclaimer: The findings and conclusions of this report are those of the author(s) and do not neces-
sarily represent the official position of the Centers for Disease Control and Prevention, the United
Nations Children's Fund or the National Department of Health.

Funding: This evaluation was primarily supported by the President’s Emergency Plan for AIDS Relief
under the Cooperative Agreement between CDC and the SAMRC (1U2GPS001137). We also thank
UNICEF and the National Department of Health for technical and financial support; the South Afri-
can National AIDS Council, European Union (through the National Department of Health), the South
African National Research Foundation and the Global Fund for financial support.

Authors’ contributions: Conception and design of the study: AEG, THD, DJJ, CJL, GS, VR, SW, AP,
YS, TD, YP, SB. Acquisition of data: VR, SW, NN, VM, TR. Data analysis: CJL, AEG. Data interpreta-
tion: AEG, CJL, DJJ. Drafting or revising the paper for important intellectual content and approving
the final version: AEG, THD, DJJ, CJL, GS, VR, SW, AP, YS, TD, YP, SB, NN, VM, TR.

Competing interests: All authors have completed the ICMJE uniform disclosure form at http://www.
icmje.org/coi_disclosure.pdf (available upon request from the corresponding author), and declare no
competing interests.

1 UNICEE Committing to Child Survival: A Promise Renewed: Progress Report 2013. Available from: http://www.
unicef.org/lac/Committing to_Child_Survival APR_9_Sept_2013.pdf. Accessed: 1 October 2015.

2 World Health Organisation. Global Guidance on Criteria and Processes for Validation: Elimination of mother—
to—child transmission of HIV and syphilis. Available: http://www.who.int/hiv/pub/emtct-validation-guidance/
en/. Accessed: 1 October 2015.

3 National Department of Health SA. The National Strategic Plan on HIV, STIs and TB, 2012-2016. Available:
http://www.sahivsoc.org/upload/documents/National_Strategic_Plan_2012.pdf. Accessed: 1 October 2015.

4 UNAIDS. Global plan towards the elimination of new HIV infections among children by 2015 and keeping their
mothers alive. Available: http://www.unaids.org/sites/default/files/en/media/unaids/contentassets/documents/
unaidspublication/2011/20110609_JC2137_Global-Plan-Elimination-HIV-Children_en.pdf. Accessed: 1 Octo-
ber 2015.

5 Kumwenda NI, Hoover DR, Mofenson LM, Thigpen MC, Kafulafula G, Li QL, et al. Extended antiretroviral pro-
phylaxis to reduce breastmilk HIV-1 transmission. N Engl J Med. 2008;359:119-29. Medline:18525035
doi:10.1056/NEJM0a0801941

6 Shapiro RL, Hughes M, Ogwu A, Kitch D, Lockman S, Moffat C, et al. Antiretroviral regimens in pregnancy and
breast—feeding in Botswana. N Engl ] Med. 2010;362:2282-94. Medline:20554983 doi:10.1056/NEJM0a0907736

7 Six Week Extended-Dose Nevirapine (SWEN) Study Team, Bedri A, Gudetta B, Isehak A, Kumbi S, Lulseged S,
et al. Extended dose nevirapine at 6 weeks of age for infants to prevent HIV transmission via breastfeeding in
Ethiopia, India and Uganda: an analysis of 3 randomised controlled trials. Lancet. 2008;372:300-13.

8 World Health Organisation. Antiretroviral drugs for treating pregnant women and preventing HIV infection in
infants: towards universal access. Recommendations for a public health approach (2010 revision). Geneva 2010.
Available: http://www.who.int/hiv/pub/mtct/arv_guidelines_mtct.pdf. Accessed: 27 October 2014.

9 Interagency Task Team on the prevention and treatment of HIV in pregnant women. Option B+ countries and
PMTCT regimen. Available: http://www.emtct-iatt.org/b-countries-and-pmtct-regimen/. Accessed: 1 October
2015.

10 Forbes JC, Alimentia A, Singer J, Brophy J, Bitnund A, Samson L, et al. A national review of vertical HIV trans-
mission. AIDS. 2012;26:757-63. Medline:22210635 doi:10.1097/QAD.0b013e328350995¢

11 Goga AE, Dinh T, Jackson D, Lombard C, Delaney K, Puren A, et al. First population—level effectiveness evalu-
ation of a national programme to prevent HIV Transmission {rom mother to child, South Africa. ] Epidemiol
Community Health. 2015;69:240-8. Medline:25371480 doi:10.1136/jech-2014-204535

12 National Department of Health. 2008 National Antenatal Sentinel HIV and Syphilis Prevalence Survey, South
Africa. Available: http://www.info.gov.za/view/DownloadFileAction?id=109007. Accessed: 1 December 2009.

www.jogh.org ® doi: 10.7189/jogh.06.020405 9 DECEMBER 2016 ¢ VOL. 6 NO. 2 « 020405

PAPERS



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18525035&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa0801941
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20554983&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa0907736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22210635&dopt=Abstract
http://dx.doi.org/10.1097/QAD.0b013e328350995c
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25371480&dopt=Abstract
http://dx.doi.org/10.1136/jech-2014-204535

Goga et al.

REFERENCES

13 Goga A, Jackson D, Lombard C, Singh M; SAPMTCTE study group. Early (4-8 weeks post—delivery) popula-
tion—level effectiveness of WHO PMTCT Option A, South Africa, 2012-13. Available: http://www.mrc.ac.za/
healthsystems/SAPMTCTEReport2012.pdf. Accessed: 2 September 2015.

14 Health Systems Trust. District Health Barometer. Available: http://www.hst.org.za/publications/district-health-
barometer-201011. Accessed: 1 October 2015.

15 Lehtonen R, Pahkinen E. Practical methods for design and analysis of complex surveys 2nd ed. West Sussex,
UK: John Wiley & Sons, 2004.

16 Jackson DJ, Chopra M, Doherty T, Colvin M, Levin J, Willumsen J, et al. Operational effectiveness and 36 week
HIV—free survival in the South African programme to prevent mother—to—child transmission of HIV-1. AIDS.
2007;21:509-16. Medline:17301570 doi:10.1097/QAD.0b013e32801424d2

17 Rollins N, Little K, Mzoloa S, Horwood C, Newell M-L. Surveillance of mother—to—child transmission preven-
tion programmes at immunization clinics: the case for universal screening. AIDS. 2007;21:1341-7. Med-
line:17545711 doi:10.1097/QAD.0b013e32814db7d4

18 UNICEE UNAIDS, WHO, UNFPA. HIV and infant feeding: guidelines for decision makers. Available: http://
www.who.int/nutrition/publications/hivaids/9241591226/en/. Accessed: 1 October 2015.

19 Kesho Bora Study Group, de Vincenzi L. Triple antiretroviral compared with zidovudine and single—dose nevi-
rapine prophylaxis during pregnancy and breastfeeding for prevention of mother—to—child transmission of HIV—
1 (Kesho Bora study): a randomised controlled trial. Lancet Infect Dis. 2011;11:171-80. Medline:21237718
doi:10.1016/51473-3099(10)70288-7

20 Jamieson DJ, Chasela C, Hudgens M, King C, Kourtis ADK, Dumbani K, et al. Maternal and infant antiretroviral
regimens to prevent postnatal HIV transmission: 48 weeks follow—up of the BAN randomised controlled trial.
Lancet. 2012;379:2449-58. Medline:22541418 doi:10.1016/S0140-6736(12)60321-3

21 Mahy M, Stover J, Kragu K. What will it take to achieve virtual elimination of mother—to—child transmission of
HIV? An assessment of current progress and future needs. Sex Transm Infect. 2010;86:48-55.

22 Lastre J, Avila L, Correa E Nuriez I, Abreu M, Fiol J. Perinatal Transmission of HIV in Cuba 1986-2013. In: 8th
Cuban Congress on Microbiology and Parasitology, 5th National Congress on Tropical Medicine and 5th Inter-
national Symposium on HIV/AIDS infection in Cuba. Palace of Conventions in Havana; 2014. Available: http://
www.microbio_parasito_sida_med_tropical.sld.cw/index.php/microbiologia/2014/paper/view/360. Accessed:
19 August 2015.

23 Dinh TH, Delaney K, Goga A, Jackson D, Lombard C, Woldesenbet S, et al. Impact of maternal HIV serocon-
version during pregnancy on early mother to child transmission of HIV (MTCT) measured at 4-8 weeks post-
partum in South Africa 2011-2012: a national population—based evaluation. PLoS ONE. 2015;10:e010321.
Medline:25942423 doi:10.1371/journal.pone.0125525

24 Woldesenbet S, Jackson D, Lombard C, Dinh T, Puren A, Sherman G, et al. Missed opportunities along the pre-
vention of mother—to—child transmission services cascade in South Africa: uptake, determinants and attribut-
able risk (the SAPMTCTE). PLoS ONE. 2015;10:e0132425. Medline:26147598 doi:10.1371/journal.
pone.0132425

25 Tenthani L, Haas A, Tweya H, Jahn A, van Oosterhout J, Chimbwandira E, et al. Retention in care under univer-
sal antiretroviral therapy for HIV—infected pregnant and breastfeeding women (“Option B+") in Malawi. AIDS.
2014;28:589-98. Medline:24468999 doi:10.1097/QAD.0000000000000143

DECEMBER 2016 ¢ VOL. 6 NO. 2 » 020405 10 www.jogh.org * doi: 10.7189/jogh.06.020405


http://www.hst.org.za/publications/district-health-barometer-201011
http://www.hst.org.za/publications/district-health-barometer-201011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17301570&dopt=Abstract
http://dx.doi.org/10.1097/QAD.0b013e32801424d2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17545711&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17545711&dopt=Abstract
http://dx.doi.org/10.1097/QAD.0b013e32814db7d4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21237718&dopt=Abstract
http://dx.doi.org/10.1016/S1473-3099(10)70288-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22541418&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(12)60321-3
http://www.microbio_parasito_sida_med_tropical.sld.cu/index.php/microbiologia/2014/paper/view/360
http://www.microbio_parasito_sida_med_tropical.sld.cu/index.php/microbiologia/2014/paper/view/360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25942423&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25942423&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0125525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26147598&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0132425
http://dx.doi.org/10.1371/journal.pone.0132425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24468999&dopt=Abstract
http://dx.doi.org/10.1097/QAD.0000000000000143

