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Abstract objective To provide estimates of HIV-free survival at 12–24 months in breastfed children by

maternal ART (6 months or lifelong) to inform WHO HIV and Infant Feeding guidelines.

methods Eighteen studies published 2005–2015 were included in a systematic literature review

(1295 papers identified, 156 abstracts screened, 55 full texts); papers were analysed by narrative

synthesis and meta-analysis of HIV-free survival by maternal ART regimen in a random effects

model. We also grouped studies by feeding modality. Study quality was assessed using a modified

Newcastle–Ottawa Scale (NOS) and GRADE.

results The pooled estimates for 12-month HIV-free survival were 89.8% (95% confidence

interval, CI: 86.5%, 93.2%) for infants of mothers on ART for 6 months post-natally (six studies)

and 91.4% (95% CI 87.5%, 95.4%) for infants of mothers on lifelong ART (three studies). Eighteen-

month HIV-free survival estimates were 89.0% (95% CI 83.9%, 94.2%) with 6 months ART (five

studies) and 96.1% (95% CI 92.8%, 99.0%) with lifelong ART (three studies). Twenty-four-month

HIV-free survival for infants whose mothers were on ART to 6 months post-natally (two studies) was

89.2% (95% CI 79.9%, 98.5%). Heterogeneity was considerable throughout. In four studies,

HIV-free survival in breastfed infants ranged from 87% (95% CI 78%, 92%) to 96% (95% CI 91%,

98%) and in formula-fed infants from 67% (95% CI 35.5%, 87.9%) to 97.6% (95% CI 93.0%,

98.2%).

conclusion Our results highlight the importance of breastfeeding for infant survival and of ART in

reducing the risk of mother-to-child HIV transmission and support the WHO recommendation to

initiate ART for life immediately after HIV diagnosis.
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Introduction

The 2010 WHO infant feeding guidelines in the con-

text of HIV infection recommended exclusive breast-

feeding (EBF) for 6 months followed by complementary

feeding and continued breastfeeding (CBF) for up to

1 year, under the cover of antiretroviral treatment

(ART) to either the mother or the infant [1]. However,

these recommendations were based on limited evidence

in terms of final HIV-free survival and also toxicity of

ART to infants where the infant received prophylaxis

to prevent mother-to-child transmission (PMTCT). Since

then, further evidence has become available from

studies and programmes where PMTCT post-natally

was achieved through maternal ART or infant ARV

prophylaxis, and a summary of these data could pro-

vide information for recommendations on duration of

breastfeeding.

In late 2015, WHO revised HIV ART guidelines to

include treatment for all immediately upon diagnosis of

HIV infection [2]. This systematic review was commis-

sioned by WHO and contributed to the development of

the 2015 WHO HIV Infant Feeding guidelines. We pre-

sent the results from a systematic review and the associ-

ated GRADE evidence summary tables of HIV-free

survival at 12, 18 and 24 months in infants born to
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women on ART for life or for 6 months post-partum and

by infant feeding modality.

Methods

Our systematic review considered both experimental and

observational studies and included HIV-positive mothers

receiving ART and their breastfed children. Infants may

also have received prophylactic ART as per WHO 2010

guidelines. Exposure was defined as HIV ART (and dura-

tion) and breastfeeding (and duration), and outcome

measures were HIV-free survival and overall and post-

partum HIV transmission between birth and 24 months

of age.

SB, LB and MLN searched English literature from mul-

tiple electronic databases including PubMed, MEDLINE,

EMBASE, Cochrane Central Register of Controlled Tri-

als, Web of Science and CINAHL for articles published

between 2005 and 2015. The search words in PubMed

are shown in a footnote to Figure 1. The search terms

were adapted for other databases.

Reference lists from relevant studies, grey literature

and online abstracts from the International IAS AIDS

Conference in Melbourne 2014 and the 2013–2015 Con-

ferences on Retroviruses and Opportunistic Infections

were also searched. Reference lists of articles identified

from the search of databases and conference abstracts

were scrutinised, and in cases where relevant information

was not available in the publication, authors were con-

tacted for specific additional information regarding infant

feeding modality.

The quality of studies included in the analysis was

assessed using a modified Newcastle–Ottawa Scale

(NOS) [3, 4] (Table S1). Although some of the

included studies were nested within randomised con-

trolled trials, randomisation was not based on the

intervention of interest (breastfeeding) and these studies

were considered cohorts. Each study could score a

maximum of six stars on selection and four on out-

come; factors considered included the representativeness

of the study population, ascertainment of exposure to

ART and breastfeeding, initiation on basis of ART

eligibility, maternal adherence to ART and duration of

breastfeeding. Ascertainment of outcome (HIV-free sur-

vival) included timing of assessment and whether the

outcome was stratified by feeding, length of follow-up

and loss to follow-up.

The information obtained from the NOS was used to

comment on the quality of the included studies in

GRADE with respect to study limitations/risk of bias [5].

We also considered consistency of results, directness, pre-

cision and publication bias.

Synthesis of evidence

We undertook a narrative synthesis and obtained pooled

estimates of HIV-free survival with a heterogeneity score

based on a random effects meta-analysis in STATA 13

(Stata Corp, 2013). We also summarised the information

in graphs depicting HIV-free survival rates by duration of

maternal ART where possible and additionally presented

HIV transmission rates for studies that provided trans-

mission rates at 6 months and at the end of follow-up. If

no confidence interval for HIV-free survival estimated

was provided, it was calculated based on the number of

events and those at risk using the formula described by

Eayres [6].

Results

The search process identified 1295 citations, of which

1139 were excluded on the basis of being a duplicate,

review, qualitative study or not evaluating transmission,

mortality or HIV-free survival (Figure 1). Abstracts of

the remaining 156 studies were evaluated by SB and LC,

and 54 texts were selected for full screening. SB, LC and

MLN undertook the full-text screening. Six additional

articles from the references were identified through full-

text screening, bringing the total to 60 (Figure 1). Eigh-

teen studies were included in the analysis. Details of

excluded studies with reason are provided in Table S2.

Eight additional papers from selected studies provided

additional information for the assessment of quality of

studies and data collection [7–14].
We present the evidence using a narrative synthesis, in

addition to providing a pooled estimate with a hetero-

geneity score based on a random effects meta-analysis, as

recommended for use in the analysis of studies of differ-

ent design [15]. Of the 18 selected studies, one was per-

formed in India and the remaining 17 were from African

countries. Five studies were conducted in rural areas

[16–20] and the remainder in urban areas. All 18 were

cohort studies, of which seven were nested within ran-

domised clinical trials (see Table S3 for full study details).

Most studies were a follow-up of mothers receiving ART

for prevention of mother-to-child transmission (PMTCT)

[16, 18, 19, 21–25], with mothers advised to exclusively

breastfeed for 6 months with rapid weaning thereafter, in

line with the prevailing WHO recommendations. Seven

studies offered lifelong ART irrespective of CD4 count

and supported breastfeeding for 12 months [16, 21, 22,

25–28]. Thomas et al. [29] presented findings from a

clinical trial evaluating two combination ART regimen,

which was included as a cohort of all women on ART

post-natally. Thakwalakwa et al. [16] randomised
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mothers/infants post-partum to two types of complemen-

tary foods after weaning; all mothers received ART life-

long including throughout the breastfeeding period.

Tonwe-Gold et al. [25] presented findings of a cohort of

women who received ART for life if they were ART-eligi-

ble as per prevailing WHO guidelines or who received

short-course ART for PMTCT only; data are included

accordingly.

The seven cohorts nested within clinical trials evaluated

the use of ART during pregnancy and post-natally in

reducing mother-to-child transmission (MTCT) of HIV

and infant deaths [8, 16, 28–32]. Cournil et al. [8] in the
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Additional records identified
through other sources

(n = 6)

1139 records excluded based on title because of being
duplicates, review, qualitative study and not providing data on

outcome of interest

Abstracts screened
(n = 156)

Full-text articles assessed for eligibility
(n = 54)

37 full-text articles
excluded

1 full-text assessed for
eligibility and included

Studies included in the
systematic review

(n = 17 + 1)

6 papers identified from references

102 papers were_excluded for
not meeting review criteria

Figure 1 Flowchart of screening process. Search Terms in PubMed (((Maternal[Title/Abstract] OR mother*[Title/Abstract]) AND
(Antiretroviral therapy[Title/Abstract] OR Antiretroviral*[Title/Abstract] OR ART[Title/Abstract] OR ARV[Title/Abstract] OR

HAART[Title/Abstract]) AND (HIV free survival[Title/Abstract] OR HIV[Title/Abstract] OR Transmi*[Title/Abstract] OR Death[Title/

Abstract] OR Mortality[Title/Abstract]) AND (Breastfeeding[Title/Abstract] OR Postnatal[Title/Abstract] OR Breast*[Title/Abstract]))
AND (“2005”[Publication Date] : “2015”[Publication Date])).
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Kesho Bora study compared ART through 6 months of

breastfeeding with short duration of peripartum ART

and presented HIV-free survival in children who were

never breastfed and those who were breastfed for more

than 3 months. Jamieson et al. [32] and Coovadia et al.

[30] compared rates and risk by prolonged infant nevi-

rapine prophylaxis, with mothers on different types of

ART, but provided separate estimates on HIV-free sur-

vival for the group of mothers on ART for at least

6 months.

Quality of studies

Table S4 presents findings of the assessment of the qual-

ity of the studies based on the modified Newcastle–
Ottawa Scale. The study by Ngoma et al. [27] had the

highest quality in terms of selection (six stars), followed

by Sagay et al. et al. [26], Cohan et al. [28], Jamieson

et al. [32], Thomas et al. [29] and Peltier et al. [20], all

with 4 stars. The studies by Alvarez-Uria et al. [17] and

Tonwe-Gold et al. [25] scored highest on quality of out-

come assessment (4 stars).

Most studies did not provide details on type of feeding

and assumed (but did not formally document) that most

mothers exclusively breastfed up to 5 or 6 months as rec-

ommended. Estimates of HIV-free survival by type of

feeding could only be obtained from four studies

[8,17,19,20]. Tonwe-Gold [25] presented information on

HIV transmission by feeding type and Cournil et al. [8]

presented rates in children who were either formula-fed

from birth, breastfed for less than 3 months or for

3 months or longer. Three studies compared transmission

or death between breastfed and formula-fed infants

[17,19,20].

Eleven studies provided HIV-free survival or rates of

transmission and mortality from birth [18, 19, 23–29,
31, 32]. Other studies excluded deaths and HIV transmis-

sion in the first days or weeks of life and provided only

post-natal rates.

HIV-free survival

At age 12 months. Estimates of 12-month HIV-free sur-

vival, with confidence intervals, for breastfed infants by

duration of maternal ARTwere obtained from 10 studies

(Figure 2). In six studies (Group 1 in Figure 2), HIV-free sur-

vival was reported for infants whosemothers were onART

up to 6 months post-natally only, with 12-month estimates

ranging from 85% (95%CI 74.6–91.7%) [18] to 96% (95%

CI 91–98%) [17]. The pooled estimated 12-monthHIV-free

survival was 89.8% (95%CI 86.4–93.2%),with consider-

able heterogeneity (I2 = 83.1%).

In three studies, 12-month HIV-free survival was esti-

mated amongst infants whose mothers were on lifelong

ART (Group 2 in Figure 2) with estimated HIV-free

survival ranging from 88.8% (95% CI 82.6–95%) [25]

to 95% (95% CI 92–97%) [28]. The pooled estimate of

12-month HIV-free survival was 91.8% (95% CI 87.7–
95.9%); heterogeneity was considerable ((I2 = 71.5%).

The study by Giuliano [22] (Group 3 in Figure 2), with

an estimate of 86.6% (95% CI 82.4–90.7%) included

some mothers on ART up to 6 months post-natally only

and others on lifelong ART, but separate estimates were

not provided.

At age 18 months. Eight studies provided estimates for

18-month HIV-free survival (Figure 3), by duration of

maternal ART. In the five studies reporting HIV-free sur-

vival at this age for infants of women who were on ART

up to 6 months post-natally only (Group 1 in Figure 3),

HIV-free survival ranged from 81.6% (95% CI 73.4–
87.7%)[19] to 95.2% (95% CI 93.2–97.3%) [10]. The

pooled estimate of 18-month HIV-free survival for this

group was 89.0% (95% CI 83.9–94.2%), with consider-

able heterogeneity (I2 = 91.7%).

In studies where women were on lifelong ART (Group

2 in Figure 3), 18-month HIV-free survival estimates ran-

ged from 87.2% (95% CI 79.2–92.5%) [27] to 97.6%

(95% CI 96.7–98.6%) [26]. The pooled estimated of 18-

month HIV-free survival for this group was 96.1% (95%

CI 93.0–99.2%), again with considerable heterogeneity

(I2 = 78.5%).

At age 24 months. Twenty-four-month HV-free survival

estimates from three studies are shown in Figure 4. The

estimates in the two studies that reported HIV-free sur-

vival amongst children whose mothers were on ART up

to 6 months post-natally only (Group 1 in Figure 4) were

84.3% (95% CI 80.6–87.3%) [29] and 93.8.0% (95%

CI 92.9–96.5%) [31]. The pooled estimate for HIV-free

survival at 24 months was 89.2% (95% CI 79.9–98.5%);

heterogeneity was considerable (I2 = 95.8%).

In the study by Giuliano et al. [22], (Group 2 in Fig-

ure 4) estimated HIV-free survival at 24 months was

85.8% (95% CI 81.4% 90.1%), based on a mixed group

of infants with respect to mother’s ART, some were on

ART up to 6 months post-natally only, while others were

on ART for life.

At 12, 18 and 24 months. Three studies provided esti-

mates of HIV-free survival at 12, 18 and 24 months

allowing a comparison of HIV-free survival between 12

and 24 months [22, 23, 29]. In all three, HIV-free sur-

vival at 18 months and/or 24 months was not statistically
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significantly different from the estimate at 12 months.

HIV-free survival estimates were 86.6% (95% CI 82.4%,

90.7%) and 85.8% (95% CI 81.4, 90.1%) at 12 and

24 months, respectively, in Giuliano et al. [22], 86.5%

(95% CI 83.1%, 89.3%), 84.7% (95% CI 80.6%,

87.7%) and 84.3% (95% CI 80.6%, 87.3%) at 12, 18

and 24 months, respectively, in Thomas et al. [29], and

in Kilewo et al. [23], the estimates were 87.2% (95% CI

84%, 90.4%) at 12 months and 86.4% (95% CI 83.1%,

89.7%) at 18 months.

HIV-free survival by infant feeding modality. In the

Kesho Bora study [8, 9], estimated 18-month HIV-free

survival was statistically significantly higher amongst for-

mula-fed (97.6%; 95% CI 93%, 98%) than infants

breastfed for less than 3 months (87%; 95% CI 78%,

92%) (Figure 5). The difference between formula-fed

infants (97.6%; 95% CI 93%, 98%) and those breastfed

for more than 3 months (95%; 95% CI 91%, 97%) was

not statistically significant. In the studies by Alvarez-Uria

[17], reporting estimates at 18 months, Homsy et al. [19]

at 12 months and Peltier et al. [20] at 9 months differ-

ences in HIV-free survival between formula-fed and

breastfed infants were not statistically significant

(Figure 5).

HIV Transmission. Eight studies provided estimates of

death and transmission overall and after 6 months of

age, when the infant would have been weaned and

mothers were no longer receiving ART. In Ngoma et al.

[27], there were three peripartum infections, none

between 6 weeks and 6 months, and 6 after 6 months. In

the studies of both Giuliano et al. [22] and Kilewo et al.

[23], there were eight infections overall, four before

weaning at 6 months and four after weaning. In the

study by Giuliano et al., two of the four mothers who

transmitted HIV after weaning were still receiving ART.

In the other five studies, there were fewer infections after

6 months of age than before [8, 24, 26, 29, 32], but

numbers were again very limited.

Mortality. The pattern of infant deaths before and after

weaning varied across studies. Jamieson et al. [32]

reported the same number of deaths before and after

weaning (9 of 18 deaths before weaning); Tonwe-Gold

[25] reported one death after and nine deaths before

weaning and Ngoma et al. [27] reported eight of 20

deaths after weaning. Thomas et al. [29], Shapiro et al.

[31], Kilewo et al. [23.] and Marazzi et al. [24.] reported

higher numbers of deaths after (31 of 49, 22 of 37, 21 of

31 and 7 of 11, respectively) than before weaning. In

Shapiro [31], the death rate within 3 months of weaning

was significantly higher than during breastfeeding (RR

3.7; 95% CI: 1.3–12.0; P = 0.007), and the same was

shown comparing those who were weaned before

3 months of age and those aged 3 months or more at

weaning (RR = 7.5; 95% CI: 3.2–18.4; P < 0.001).

Cournil et al. [8] did not report any deaths after

Study  (Information)
Rate %

(95% CI)               Weight

1

Jamieson et al, 2012         (EBF: 89%; N = 849)

Alvarez-Uriaet al, 2012    (N = 151)

Thomas et al, 2011           (EBF: 89%; N = 502)

Thistle et al, 2011              (N = 82)

Marazzi et al, 2009           (EBF: 100%; N = 341)

Kilewo et al, 2009             (EBF: 80%; N = 441)

Overall (I-squared = 83.1%, P = 0.000)

88.0  (85.0, 90.0)           19.3

96.0  (91.0, 98.0)           17.4

86.5  (83.1, 89.3)           18.1

85.0  (74.6, 91.7)           09.1

94.0  (91.0, 97.0)           18.3

87.2  (84.0, 90.4)           17.9

89.8  (86.4, 93.2) 100.0

Cohan et al, 2015             (EBF: 59.8%; N = 389)

2

Thakwalakwa et al, 2014  (EBF: 87%; N = 248)

Tonwe-Gold et al, 2007    (EBF: 62.6%; N = 261)

Overall (I-squared = 71.5%, P = 0.030)

95.0  (92.0, 97.0)           41.1

90.0  (87.0, 94.0)           35.9

88.8  (82.6, 95.0)           23.0

91.8  (87.7, 95.9)           100.0

3

Giuliano et al, 2013          (EBF: 73%; N = 300)

Overall (I-squared = 0%)

86.6  (82.4, 90.7)           100.0

86.6  (82.4, 90.7)           100.0

NOTE: Weights are from random effect analysis

Figure 2 Twelve-month HIV-free

Survival. Group 1: Mothers on ART up

to 6 months postnatally. Group 2:
Mothers on Lifelong ART. Group 3:

Mixture of Lifelong ART and ART up to

6 months postnatally.
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6 months, but the risk of dying by 6 months of age in

children who stopped breastfeeding before 3 months of

age was higher than in those who stopped after more

than 3 months (HR 3.94; 95% CI: 1.27–12.27).

GRADE profile

An evaluation of the overall quality of the combined

studies for each outcome is provided in Table S5 using

the GRADE approach [5]. Study limitations were based

on the assessment from the Newcastle–Ottawa Scale and

combined with an evaluation of inconsistency, indirect-

ness, imprecision and publication bias. All studies were

observational and initially scored as low quality; they

were further downgraded for indirectness because their

research areas were not directly in line with the research

question. Where a pooled analysis was undertaken and a

pooled estimate provided, studies were further down-

graded for inconsistency when heterogeneity could not be

explained. In all groups of studies, there was at least one

study with a risk of bias pertaining to lack of detailed

information on feeding leading to further downgrading.

In one study, the criteria for assessing HIV-free survival

were not clear [21] and this contributed to the downgrad-

ing of the quality of the studies grouped together with

this study. One study [22] was not downgraded for risk

1

Cournil et al, 2015        (EBF: 92%; N = 371)

Fowler et al, 2014   (EBF: 95%; N = 444)

Thomas et al, 2011      (EBF: 89%; N = 502)

Homsy et al, 2010        (EBF: 92%; N = 118)

Kilewo et al, 2009        (EBF: 80%; N = 441)

Overall (I-squared = 91.7%, P = 0.000)

95.0 (91.0, 97.0)         21.8

95.2 (93.2, 97.3)         21.9

84.7 (80.6, 87.7)        20.5

81.6 (73.4, 87.7)        15.7

86.4 (83.1, 89.7)         20.8

89.0 (83.9, 94.2)         100.0

Study  (Information)
Rate %

(95% CI)            Weight

2

Ngoma et al, 2015       (EBF: 93%; N = 231)

Sagay et al, 2015        (EBF: 73%; N = 856)

Overall (I-squared = 78.5%, P = 0.009)

87.2 (79.2, 92.5)        14.91

97.6 (96.7, 98.6)        46.5

96.1 (93.0, 99.2)        100.0

Okafor et al, 2014        (EBF: 92%; N = 184) 97.8 (94.6, 99.1)        38.6

NOTE: Weights are from random effect analysis

Figure 3 Eighteen-month HIV-free

survival in children whose mothers
breastfed and were on ART. Group 1:

Mothers on ART up to 6 months

postnatally only. Group 2: Mothers on

lifelong ART.

1

Shapiro et al, 2013        (EBF: 97%; N = 730)

Thomas et al, 2011       (EBF: 87%; N = 502)

Overall (I-squared = 95.8%, P = 0.000)

NOTE: Weights are from random effect analysis

93.8 (92.9, 96.5)           51.2

86.3 (80.6, 87.3)          48.8

89.2 (79.9, 98.5)          100.0

Study  (Information)
Rate %

(95% CI)            Weight

2

Overall (I-squared = 0) 85.8 (81.4, 90.1)           100.0

85.8 (81.4, 90.1)           100Giuliano et al, 2013       (EBF: 73%; N = 300)

Figure 4 Twenty-four-month HIV-free

survival in children whose mothers

breastfed and were on ART. Group 1:
Mothers on ART up to 6 months

postnatally. Group 2: Mixture of

mothers, some on lifelong ART, others on
ART to 6 months postnatally.
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of bias and inconsistency, as it was the single study con-

tributing data in that group.

Discussion

This systematic review confirms substantially reduced

rates of overall and post-natal HIV transmission and

mortality up to 24 months of age when pregnant and

breastfeeding women receive ART. The difference in

HIV-free survival between infants of mothers receiving

ART for PMTCT only or for life diverged beyond

6 months post-delivery and became particularly evident

at 18 months. At this time-point, the estimated HIV-free

survival was about 89% when mothers ceased ART at

6 months, and 96% when mothers continued ART for

life. The risk of transmission through breastfeeding con-

tinued beyond the recommended 6 months and after ces-

sation of maternal ART [1].

Our results thus confirm the importance of breastfeed-

ing for infant survival and the effectiveness of ART in

reducing the risk of mother-to-child HIV transmission. In

most studies (5 of 8), there were more infant deaths after

weaning than before, but in only one of eight studies was

the number of HIV transmissions after 6 months higher

than before, which together would suggest that HIV-free

survival in the first year of life is substantially affected by

increased mortality following early cessation of breast-

feeding rather than by increased infections that may

occur in infants of women who had stopped taking ART

[8, 22–25, 27, 29, 31, 32].
Our review, although systematic in nature, had limita-

tions. There was considerable statistical heterogeneity in

all pooled estimates, and the overall assessment of quality

of the evidence was very low. The low quality of evi-

dence was mainly attributed to the fact that all studies

included in the analysis were observational and the evi-

dence was further downgraded due to indirectness, and

lack of data on feeding history and adherence to ART.

The absolute estimates of HIV-free survival should thus

be interpreted with caution and consider both the mean

value and the confidence interval limits. Further, we were

unable to formally allow for factors known to be associ-

ated with transmission and/or child survival, and hetero-

geneity between studies could be partially due to

differences in other factors associated with child mortal-

ity. There was limited information on children born to

women on lifelong ART where ART was initiated before

advanced HIV progression, and most of the women on

lifelong ART in the studies that reported such informa-

tion would have been eligible as per the national and

WHO guidelines at the time of the study [16, 21, 25–28].
Increased HIV-free survival in the studied populations

was linked to early initiation of maternal ART in preg-

nancy, continued post-partum and breastfeeding.

Increased infant/child mortality after 6 months of life

may be attributed to early cessation of breastfeeding and
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could possibly contribute to reduced HIV-free survival in

non-breastfed HIV-exposed infants. Recent findings from

a randomised trial, evaluating the use of two different

infant antiviral drugs in the prevention of post-natal HIV

acquisition, showed HIV-free survival similar to what we

present here with maternal ART [33]; infant ARV may

therefore be an alternative intervention to achieve the

prevention of mother-to-child transmission in cases where

maternal ART is not possible or not being adhered to.

Our findings suggest prolonged breastfeeding for women

on ART for life is beneficial in terms of HIV-free survival

at least up to 2 years of age. With expanding eligibility

criteria, and WHO now recommending initiation of ART

for life immediately after HIV diagnosis, most women

will be on ART for life from before or early pregnancy.
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