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Abstract

Objective—To assess serious gastroenteritis risk and mortality associated with early cessation of
breastfeeding in infants enrolled in two prevention-of-maternal-to-child-HIV-transmission trials in
Uganda.

Methods—We used hazard rates to evaluate serious gastroenteritis events by month of age and
mortality among HIV-exposed uninfected infants enrolled in the HIVNET 012 (1997-2001) and
HIVIGLOB/NVP (2004-2007) trials. HIV-infected mothers were counseled using local infant
feeding guidelines current at the time.
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Results—Breastfeeding cessation occurred earlier in HIVIGLOB/NVP compared to HIVNET
012 (median 4.0 vs. 9.3 months, p<0.001). Rates of serious gastroenteritis were higher in
HIVIGLOB/NVP (8.0/1000 child-months) compared to HIVNET 012 (3.1/1000 child-months; p <
0.001). Serious gastroenteritis events also peaked earlier at 3-4 and 7-8 months (16.2/1000 and
15.0/1000 child-months, respectively) compared to HIVNET 012 at 9 to10 months (20.8/1000
child-months). All cause-infant mortality did not statistically differ between the HIVIGLOB/NVP
and the HIVNET 012 trials [3.2/1000 versus 2.0/1000 child-months respectively, (p=0.10)]

Conclusion—Early breastfeeding cessation seen in the HIVIGLOB/NVP trial was associated
with increased risk of serious gastroenteritis among HIV-exposed uninfected infants when
compared to later breastfeeding cessation in the HIVNET 012 trial. Testing interventions which
could decrease HIV transmission through breastfeeding and allow safe breastfeeding into the
second year of life are urgently needed.
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INTRODUCTION

Mother-to-child transmission of human immunodeficiency virus (HIV) accounts for nearly
90% of all pediatric HIVV-infections [1]. More than 95% of HIV-infected children live in
resource-poor settings where breastfeeding is the norm. Without prophylaxis, the overall risk
of HIV transmission in breastfeeding populations is estimated to be between 30-45% and is
due to perinatal infection and postnatal exposure through breast milk [2]. The latter
contributes 12-16% of the cumulative absolute risk of acquisition among infants through 2
years of age [3-6]. This cumulative risk is considerably lower if exclusive breastfeeding is
practiced for the first 3-6 months followed by weaning at 6 months of age; the estimated risk
of HIV transmission through breast feeding after 6 weeks of age is less than 1% per month
[4,7,8].

This low but cumulative risk of HIV transmission through breast milk must be balanced
against the high morbidity and mortality risk due to malnutrition and infectious diseases
seen among infants in resource-limited settings who are not breastfed. In resource-poor
settings, increased rates of infant gastroenteritis have consistently been associated with early
replacement feeding, likely due to lack of clean water, unsafe food preparation and early
introduction of contaminated weaning foods [9]. Worldwide, diarrheal diseases account for a
significant proportion (13-21%) of all deaths among infants and children less than 5 years of
age with many of them suffering from frequent episodes which significantly impact
development, growth and overall nutritional status [10-12].

The optimal time for an HIV-infected woman in resource-limited settings to cease
breastfeeding is dependent on both her individual circumstances and locally available
resources. Exclusive replacement feeding or early weaning are neither feasible nor safe
options for the majority of HIV-infected women in resource-poor settings like Uganda. The
ability to provide safe replacement feeding and the risks associated with it cannot be easily
assessed, and adequate resources to ensure clean water and weaning foods are rarely
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available for the majority of mothers. In addition, formula and animal milk substitutes are
expensive and failing to breastfeed is stigmatizing. Even in mid-level countries, water safety
cannot always be guaranteed. An example of this was a severe diarrheal outbreak in
Francistown and surrounding areas in Botswana in 2006, when heavy rains led to ground-
water contamination and resulted in a severe outbreak of infant diarrhea with resultant high
morbidity and mortality among HIV exposed infants who had received government provided
formula milk and were not being breastfed [13].

In these analyses from Kampala, Uganda, we assessed the risk of infant morbidity from
serious gastroenteritis and mortality using data from two large perinatal HIV clinical trials --
the HIVNET 012 trial and the HIVIGLOB/NVP trial, both of which were conducted at the
same site but at different time periods. The two studies reflect differing World Health
Organization (WHO) infant feeding recommendations for HIV-infected women that were
current at the times of the two trials.

METHODS

Parent Trial Study Design and Participants

These analyses were based on serious gastroenteritis and mortality data from two perinatal
HIV transmission trials, HIVNET 012 and HIVIGLOB/NVP, both of which enrolled HIV-
infected women and their children from the Mulago National Referral Hospital located in
Kampala, Uganda.

The HIVNET 012 trial was a phase 11B randomized perinatal HIV prevention trial
conducted from November 1997 to January 2001, with the primary goal of comparing the
efficacy of intrapartum and neonatal single-dose (SD) nevirapine (NVP) versus zidovudine
(ZDV) in reducing maternal-to-child-transmission. Pregnant women were consecutively
recruited from Mulago Hospital antenatal clinics. The women were counseled and HIV
tested; those who were HIV-seropositive, met eligibility criteria and gave informed consent
were enrolled into the study. Mother-infant pairs were randomly assigned to receive SD
NVP (200mg) at labor onset and NVP (2mg/kg) was given to the infant within 72 hours of
birth or ZDV (600 mg) at the onset of labour, then 300 mg every 3 hours until delivery and
to the newborn infant 4mg/kg ZDV twice daily for 7 days. The duration of follow up was
through 18 months. Detailed description of the study design, methods and results are
provided elsewhere [14, 15].

The HIVIGLOB/ NVP trial was a phase 111 randomized, three arm, partially blind trial
comparing the efficacy of the SD NVP regimen with the addition of polyclonal HIV
hyperimmune globulin (HIVIGLOB) or extended infant NVP dosing daily until 6 weeks of
age compared with the SD NVP regimen alone for the prevention of perinatal and breast
milk associated HIV transmission. HIVIGLOB, which is an experimental intravenous HIV
hyperimmune globulin preparation containing antibodies against HIV (and others) was
prepared by collecting the blood units from donors who were found to be HIV-1 antibody
positive at the Nakasero Blood Bank in Kampala, Uganda. The HIVIGLOB product was
tested in Sweden and Uganda in a phase I/11 study and found to be safe [16]. The 200 mg/kg
dosage for the mothers was based on a dosage chosen for a US perinatal trial (PACTG 185)
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and the 400mg/kg dosage for the infants was based on findings from the phase I/1l study
where it was associated with a lower transmission rate of HIV at 6 weeks of age and
significant increases in HIV-1 p24 antibody titer following infusion in women and their
infants [16, 17].

Participant enrollment into the Phase 111 trial occurred between July 2004 and July 2006 and
follow-up was completed in July 2007. Women were recruited from HIV-seropositive
pregnant mothers participating in the Mulago Hospital PMTCT program. Following infant
feeding counseling, those HIV-infected women who chose to breastfeed were referred to the
study for enrollment. Mothers who met the eligibility criteria and gave informed consent
were enrolled in the trial between 32-35 weeks of gestation. All women were given a SD
NVP tablet (200mg) to take at the onset of labor and their newborns were given NVP syrup
(2mg/kg) within 72 hours of birth. In arm one, mothers were randomized to receive a single
intravenous (1V) infusion of 240 ml or 12 gm (approximately 200mg/kg) of HIVIGLOB at
36-37 weeks gestation and the infants born to these mothers received a single IV infusion 24
ml or 1.2 gm (approximately 400mg/kg) of HIVIGLOB preferably within 18 hours of birth.
In arm 2, infants received extended NVP prophylaxis (5mg) daily from week one through
six weeks of age while in arm 3, infants received only SD NVP after birth. All infants
received multivitamins once daily from week one through six weeks of life. The
HIVIGLOB/NVP trial was originally approved to follow up infants through 18 months.
However, in April 2007, by which time most infants had completed their scheduled study
exit at 18 months, funding constraints by the sponsor necessitated that the length of follow
up be reduced to12 months for the remaining few that had not completed their original study
scheduled exit.

Cotrimoxazole Prophylaxis

In the HIVNET 012 trial, HIV exposed infants did not routinely receive cotrimoxazole
prophylaxis as there were no policy guidelines regarding this at the time. All infants in the
HIVIGLOB/NVP trial were given prophylactic treatment with cotrimoxazole from 6 weeks
of life to the time of confirmed negative HIV status following breastfeeding cessation as per
the Ugandan Ministry of Health (MOH) guidelines [18]. Children who were confirmed as
HIV infected continued with cotrimoxazole prophylaxis after breastfeeding cessation.

Counseling Regarding Breastfeeding

In HIVNET 012, women were counseled according to Ugandan MOH/WHO guidelines at
the time of the trial which recommended exclusive breastfeeding for at least 6 months and to
wean as early as possible thereafter [19]. Women were not counseled to discontinue
breastfeeding at any specific time point and many continued through the first year of life and
some into the second year.

In contrast, mothers in the HIVIGLOB/NVP trial were counseled according to revised
Ugandan MOH PMTCT guidelines at the time which recommended exclusive breastfeeding
for 3-6 months, with early and abrupt weaning over a 2 week period to minimize mixed
feeding, if an HIV-infected woman had to breastfeed because of social or economic reasons.
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[20, 21]. However, initiation of weaning was modified based on the mother’s ability to
provide adequate locally available nutritious foods and the nutritional status of the baby.

Determination of Infant HIV Infection

In HIVNET 012, qualitative HIVV-1 RNA PCR assays were done at age 1-3 days, 6 weeks,
14 weeks, and 12 months. If HIV-1 RNA was detected, a second sample was obtained at the
earliest opportunity possible or at the next scheduled visit for confirmation by HIV-1 RNA
PCR or HIV-1 culture. Infants were tested using HIVV-enzyme immunoassay (EIA) with
western blot confirmation if reactive at 18 months. Diagnosis of HIV infection in infants
was based on a positive qualitative HIV-1 RNA PCR assay confirmed by either quantitative
HIV-1 RNA assay or HIV-1 culture on a second blood sample. In the case of an infant death
where there was only one positive RNA assay on the sample preceding death, the infant was
considered to be infected.

In the HIVIGLOB/NVP trial, infants were tested at birth, at weeks 2, 6, 14 and at 6 and 12
months using qualitative DNA or quantitative RNA PCR. Infant HIV infection status was
based on at least two positive PCRs (DNA or RNA) on separate infant specimens. At 18
months, HIV-uninfected infants were tested using HIV EIA with western blot confirmation
if reactive. Infants who died or were lost to follow up after only one positive PCR or
antibody test were classified as infected. Infants were included in data analysis for this paper
if they remained HIV-uninfected through to 18 months or at the last visit.

Measurements of Serious Adverse Events

Gastroenteritis was defined as an episode of diarrhea (the passage of 3 or more loose or
watery stools within a 24 hour period) with or without vomiting. For purposes of this
analysis, we defined serious gastroenteritis events as those diarrheal events in the infant, as
described above, which resulted in a hospitalization or death.

Data on serious adverse events (including serious gastroenteritis), HIV infection and infant
survival were collected systematically throughout the course of both the HIVNET 012 and
HIVIGLOB/NVP trials. Adverse events grading was based on the NIH Division of AIDS
(DAIDS) Toxicity Tables for Grading Severity of Adverse Experiences, April 1994 for
paediatric events.

Medical history, clinical examination and routine laboratory tests were performed at
scheduled protocol visits for both studies. For HIVNET 012, regular visits were scheduled at
weeks 1, 6, 10, 14 and then at 6, 9, 12 and 18 months. In the HIVIGLOB/NVP trial, regular
scheduled visits were weekly for the first 6 weeks, then at weeks 10, 14 and at 6, 12 and 18
months. In addition to the scheduled visits, mothers in both studies were encouraged to bring
their infants to the clinic at any time in case of illness. At all visits, information on illnesses,
hospitalizations and vital status were collected. In the HIVNET 012 study, questions were
asked about breastfeeding cessation only, while in the HIVIGLOB/NVP trial, standardized
questions were asked about exclusive breastfeeding, mixed and replacement feeding and
timing of weaning. The complete cessation of breastfeeding was recorded as the date the
mother or primary caretaker reported that the infant no longer received any breast milk.
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Statistical Analyses

These analyses focused on rates and timing of gastroenteritis events that resulted in
hospitalization or death as well as all cause mortality among HIV-uninfected exposed
infants in the HIVIGLOB/NVP and the HIVNET 012 trials.

Baseline comparisons of continuous variables are presented using means, standard
deviations, medians and inter quartile range (IQR). Means were evaluated using a two-sided
sample t-test. Medians for duration of breastfeeding were based on Kaplan-Meier estimates
to account for censoring over time. Categorical variables were compared using proportions
and the corresponding cross-table Pearson chi-squared test (with Yates continuity
correction). Event rates were computed as the sum of the number of events of interest
occurring for children seen within a one-month age-interval band divided by the person-time
at risk within that corresponding age-interval band, where risk time within each interval is
indicated by the time during the interval that the child was still HIV uninfected. Thus, a
child was dropped from the risk set for all the time within a specified age-band that follows
HIV infection and for all that child’s subsequent follow-up age intervals, but was considered
for the length of time within the age-interval when they were still regarded as HIV
uninfected. Otherwise, each child contributes to events and person-time as indicated until
their termination from the study. Associated 95% confidence intervals (Cls) were calculated
under the assumption that the observed numbers of events follow a Poisson distribution, and
by use of Byar’s approximation of Poisson exact limits which allow for asymmetric
distribution of low event counts [22, 23].

Graphs were generated depicting the event rates (per 1000 child-months) in each age-
interval band as well as associated curves depicting 95% Cls. P-values computed were based
on Fisher’s exact two-sided test which were obtained by performing a uniformly most
powerful (UMP) unbiased test on the ratio of rates of two Poisson counts (divided by
corresponding time at risk for each count) and defining the two-sided p-values as either 1 or
twice the minimum of the one-sided p-values ensuring internally consistent p-values [24,
25].

Comparison of cumulative mortality between studies was based on the corresponding
Kaplan-Meier (Aalen-Nelson) based cumulative hazard estimates of mortality over the
follow up period. Gastroenteritis-associated and overall mortality rates were also estimated
using the overall number of events divided by the group respective child-months over an 18
month period. Statistical significance for all tests was evaluated against the 5% alpha critical
level. All the analyses were done using R statistical program and Stata [26, 27].

Ethical Considerations

IRB approval was obtained from Uganda and United States IRBs prior to each study
commencement. Written informed consent was obtained from all study participants prior to
enrollment after careful explanation of the studies.
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RESULTS

In the HIVNET 012 study, 645 HIV-infected women were enrolled of whom 623 gave birth
to HIV—uninfected babies whereas in the HIVIGLOB/NVP trial of the 722 women
enrolled, 684 women gave birth to 698 HIV-uninfected babies who contribute risk time to
the analysis. HIV-uninfected multiple births were included in this analysis.

Baseline Characteristics and Breastfeeding Cessation

Characteristics of mothers who gave birth to HIV-uninfected babies in the two trials are
summarized in Table 1. The mothers in the HIVIGLOB/NVP trial were slightly older than
mothers in HIVNET 012 by about a year. Parity of the mothers in the two trials was
comparable with a median number of 3 children delivered (not including the study child).
Marital status across the two studies was comparable with the majority of the women being
married or in a stable union. The HIVNET 012 trial had a significantly higher proportion of
women with less than secondary education (64.7% versus 56.2%, (p = 0.002)) and more
women who described themselves as housewives (79.4% versus 69.6%, (p = 0.001)). Of
importance there was a significant difference between the two trials with regard to
breastfeeding cessation, with HIV-uninfected infants in the HIVIGLOB/NVP trial weaned at
a median age of 4 months compared to 9.3 months in the HIVNET 012 trial (p < 0.001).
Overall, the mothers were moderately immunosuppressed as evidenced by the absolute CD4
cell counts and viral load at enrollment which were comparable between the two studies
(Table 1).

Rates of Serious Gastroenteritis

Table 2 presents age specific rates of serious gastroenteritis events per 1000 child-months by
month of age through 18 months of life among HIV-uninfected infants in the
HIVIGLOB/NVP and HIVNET 012 trials. In the HIVIGLOB/NVP trial, the highest rates of
serious gastroenteritis events were 16.2 events per 1000 child-months at 3 - 4 months and
15.0 events per 1000 child-months at 7 - 8 months and thereafter remained relatively high up
to 17 months. In the HIVNET 012 trial serious gastroenteritis events increased at 7 - 8
months with a rate of 10.3 events per 1000 child-months, peaked at 9 - 10 months of age
with a rate of 20.8 events per 1000 child-months and then remained relatively low to 18
months of age.

Across all age specified intervals, except the 9 - 10 month age interval, the rates of serious
gastroenteritis were generally higher among infants in the HIVIGLOB/NVP trial when
compared to the HIVNET 012 trial and reached statistical significance at 3 - 4 months (16.2
events per 1000 child-months versus 0 events per 1000 child-months, p= 0.005). Serious
gastroenteritis events in the HIVIGLOB/NVP trial notably began at younger ages compared
with infants in the HIVNET 012 trial (Fig 1).

Overall rates of serious gastroenteritis events were highest in the HIVIGLOB/NVP trial at
8.0 events per 1000 child-months (95% CI 6.4 - 9.8) whereas the HIVNET 012 trial rates
were 3.1 events per 1000 child-months (95% CI 2.1 - 4.4) which was statistically significant
(p < 0.001).
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Infant Mortality

The cumulative mortality for HIV negative infants was consistently although not statistically
higher through 18 months of age in the HIVIGLOB/NVP trial when compared to the
HIVNET 012 trial. The Kaplan-Meier (Aalen-Nelson) cumulative mortality hazard rates for
the two studies are shown in Figure 2. The corresponding overall mortality rates in the
HIVNET 012 trial versus the HIVIGLOB/NVP trial were 2.0 (95% CI 1.2 - 3.0) versus 3.2
(95% CI 2.1 - 4.6) per 1000 child-months respectively, (p=0.10). In the course of follow up,
there were 6 gastroenteritis - associated deaths in the HIVIGLOB/NVP trial and only 1
gastroenteritis - related death in the HIVNET 012 trial. The overall gastroenteritis- related
death rates in the HIVIGLOB/NVP trial versus the HIVNET 012 trial were 0.6 (95% CI 0.2
- 1.2) per 1000 child-months and 0.1 (95% CI 0.1 - 0.5) respectively, (p=0.18).

DISCUSSION

We compared rates of serious gastroenteritis events and death among HIV-exposed
uninfected children from two trials in Uganda conducted at the same clinic but at periods of
time where there were different infant feeding counseling guidelines in place. Prior to the
HIV/AIDS era, Ugandan women were encouraged to exclusively breastfeed their children
for 6 months and to continue thereafter to 2 years of age. This is still the practice among
HIV-uninfected mothers in Uganda. In the HIVIGLOB/NVP trial, infants were weaned at a
median age of 4 months with almost all ceasing breastfeeding by 6 months of age compared
to the HIVNET 012 trial where weaning was at a median age of 9.3 months; and with some
infants breastfeeding into the second year of life. Breastfeeding duration among HIV
exposed infants was much shorter in both the two studies when compared to the median
duration of 19.9 months of any breastfeeding among children in the general Ugandan
population born in the three 3 years preceding the Uganda Demographic Health Survey
(2000) [28].

Infant morbidity from serious gastroenteritis and mortality for HIV-uninfected infants was
consistently higher in the HIVIGLOB/NVP trial with early breastfeeding cessation (4
months) than the HIVNET 012 trial with a later (9 months) median age of breastfeeding
cessation. Likewise the serious gastroenteritis rates were significantly higher at 3 to 4
months of age in HIVIGLOB/NVP compared to HIVNET 012 around the time of early
breastfeeding cessation. These results are highly concerning considering the fact that
mothers in the HIVIGLOB/NVP study generally had higher levels of education and
employment as compared to the mothers in the HIVNET 012 trial; and that cotrimoxazole
prophylaxis which has been found to be beneficial against diarrhea was given to all HIV-
exposed infants in the HIVIGLOB/NVP trial from 6 weeks of life to the time of confirmed
negative HIV status following breastfeeding cessation [29]. Based on these two facts, we
would have anticipated that the infant rates of serious gastroenteritis events in the
HIVIGLOB/NVP trial would be lower than in the earlier HIVNET 012 trial- but this was not
the case. These findings are consistent with recent reports from perinatal HIV prevention
trials in Blantyre, Malawi and Kisumu, Kenya, which also reported higher rates of serious
gastroenteritis events and/or infant mortality for HIVV-exposed uninfected infants around the
time of early breastfeeding cessation when compared to historical controls at the same sites
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but where breastfeeding went into the second year of life [30, 31]. The early breastfeeding
cessation for HIV exposed infants at the time of the trials was based on MOH and 2000
WHO guidance on HIV and infant feeding which were in effect during the trials [20, 21].

Recent data from the MITRA Study in Tanzania and the PEPI trial in Malawi show that
HIV- free survival through 6 and 9 months respectively, is significantly associated with
extended prophylactic antiretroviral treatment of the infant during the breastfeeding period
[32, 33]. However, the Zambia Exclusive Breastfeeding study (ZEBS) reported no overall
difference in HIV-free survival for infants who were randomized to abrupt weaning at 4
months versus continued exclusive breastfeeding to 6 months with gradual introduction of
complementary foods thereafter and complete cessation of breastfeeding on average by 16
months. Of importance in that study, for healthier women with CD4 cell counts over 350/uL
and who comprise the majority of HIV-infected mothers in most settings, HIV-free survival
of the infants was significantly better for women who continued breastfeeding into the
second year of life [34]. Likewise, data from the MASHI trial in Botswana found
significantly higher overall infant mortality through 7 months for infants who were formula-
fed from birth compared to those who were breastfed and prophylaxed with daily infant
ZDV; but with no difference in overall HIV-free survival by intervention arm at 12 or 18
months [35].

While HIV-free survival is generally one of the most important endpoints to assess, overall
all-cause survival is also important in the context of resource limited settings and is closely
linked to duration of breastfeeding. The general child-survival literature has consistently
shown the protective effects of breastfeeding against early infant mortality with a 3-6 fold
decreased risk of mortality in the first 6 months of life and a 1.4-1.8 fold protective effect of
breastfeeding against mortality in the second 6 months of life [36]. There may be a number
of reasons for the protective effects of breastfeeding during the first year of life. First, breast
milk is known to be rich in immunoglobulin A (IgA) which has a protective mechanism
against enteropathic gut infections, along with other innate immune protection and
nutritional benefits provided by breast milk. The babies in the HIVIGLOB/NVP study
stopped breastfeeding at an early age before they were likely to have high levels of
protective IgA along their epithelial linings [37-39]. Mixed-feeding prior to complete
breastfeeding cessation could also have contributed to the early onset episodes of serious
gastroenteritis that is seen in the HIVIGLOB/NVP trial through introduction of
contaminated weaning foods when the infant’s natural immunity was not yet sufficient to
control the infections. Recent data from studies conducted in Uganda and South Africa, also
found formula- feeding was associated with a six- and almost four-fold higher infant
mortality risk respectively, when compared to breastfeeding among infants of HIV-infected
mothers. These findings reinforce the crucial role of extended breastfeeding in promoting
overall infant survival including among HIV exposed infants living in resource limited
settings [40, 41].

In both the HIVIGLOB/NVP and HIVNET 012 trials, the rates of serious gastroenteritis
events were higher around the time of breastfeeding cessation when compared to the rate of
serious gastroenteritis prior to stopping breastfeeding. This is consistent with other studies
which show that the timing of introduction of weaning foods is frequently associated with
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increased gastroenteritis morbidity/ mortality events. This increase in severe gastroenteritis
is presumed to be precipitated by poor hygienic practices and use of contaminated water
around the time of weaning [42, 43]. It has also been documented that the weaning foods
usually selected by mothers in Uganda are inadequate to provide caloric, nutritional and
immunological needs of the infant [44]. This in turn predisposes infants to immunological
compromise which can lead to increased episodes of serious gastroenteritis especially
without the immunologic protection provided by breast milk.

Both the HIVNET 012 and HIVIGLOB/NVP studies had some limitations relevant to the
above analyses. The HIVIGLOB/NVP did not have HIV-free survival to compare to the
HIVNET 012 data. Secondly, the HIVNET 012 findings are based on historical data and
there may be unknown biases and temporal trends that could have contributed to the
differences in rates of serious gastroenteritis events noted in the two studies. Given the
relatively low mortality events, the analyses were underpowered to assess statistical
differences in mortality between the two studies. There were also significant differences in
the length of breastfeeding between the trials with infants in the HIVIGLOB/NVP trial
stopping on average at about 4 months of age. The shorter period of breast feeding placed
the HIVIGLOB/NVP group at increased risk of severe gastroenteritis morbidity/mortality
when compared to most infants in HIVNET 012 who generally breast fed till about 9 months
of age. In balance, the HIVIGLOB/NVP infants also had access to more potent recent
antibiotics, as well as more consistent cotrimoxazole prophylaxis which would have reduced
their risk of severe gastroenteritis compared to the earlier HIVNET 012 study infants. This
would tend to mitigate any differences in severe gastroenteritis between the groups (i.e. bias
the magnitude of effect towards the null). However, in spite of this bias towards the null, the
results demonstrated a significantly higher rate of serious gastroenteritis for the
HIVIGLOB/NVP group compared to the HIVNET 012 group which we attribute in large
part to the early breastfeeding cessation.

Inherent strengths of the analyses include that the data on adverse events were consistently
and carefully captured by site clinicians using the same standardized DAIDS/NIH Toxicity
Tables; and that there was excellent follow up of participants in both trials so that late infant
outcomes were well documented. The results are likewise consistent with findings from
other recent trials in Malawi and Kenya; as well as reflecting the negative effects of early
breastfeeding cessation reported in the general child survival literature.

These data from the HIVIGLOB/NVP trial in Uganda as well as the PEPI Malawi trial and
the Kisumu, Kenya trials raise concerns that early breastfeeding cessation among HIV-
infected women in resource-limited settings may lead to increased rates of serious
gastroenteritis adverse events among infants and to increased overall infant mortality when
compared to more prolonged breastfeeding of HIV exposed infants [30, 31]. In October
2006 WHO refined its HIV and infant feeding guidance and in February 2007, released
revised guidelines to help policy makers and programme managers clarify earlier
recommendations [45]. The findings from HIVIGLOB/NVP as well as the studies in Malawi
(PEPI), Kenya (KIBS) and Zambia (ZEBS) led to revised recommendations for most HIV-
infected women to exclusively breastfeed for the first six months and then to continue
breastfeeding through the first year of life with introduction of complementary foods in
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situations where safe nutritional alternatives are not readily accessible [30, 31, 34]. Further
data are needed on HIV-free survival outcomes at 18-24 months in relation to infant feeding
choices; with careful assessment of competing causes of infant mortality associated with
early breastfeeding cessation.

The ultimate goal of infant feeding strategies for HIV-infected women should be to develop
interventions which allow longer, safer breastfeeding in order to provide optimal infant
nutrition and to reduce the risk of severe infant gastroenteritis and mortality; while at the
same time decreasing the risk of post-natal HIV transmission in order to maximize the
lifesaving protective benefits of breast milk.

ACKNOWLEDGEMENTS

Overall support for the International Maternal Pediatric Adolescent AIDS Clinical Trials Group (IMPAACT) was
provided by the National Institute of Allergy and Infectious Diseases (NIAID) [U01 Al068632] and by the Eunice
Kennedy Shriver National Institute of Child Health and Human Development (NICHD).

The HIVNET 012 Trial was supported by the HIV Network for Prevention Trials (HIVNET) and sponsored by
NIAID, National Institutes of Health (NIH), Department of Health and Human Services, through contracts NO1-
Al-35173 with Family Health International, NO1-AI-45200 with Fred Hutchinson Cancer Research Center, and
subcontract NO1-Al-35173-117/412 with Johns Hopkins University. In addition, the trial was supported by the HIV
Prevention Trials Network (HPTN) and sponsored by NIAID and the Eunice Kennedy Shriver NICHD. Nevirapine
(Viramune®) for the study was provided by Boehringer Ingelheim Pharmaceuticals, Inc. Other support was
provided by Statistical Center for HIVV/AIDS Research and Prevention (SCHARP), at the Fred Hutchinson Cancer
Research Center under two mechanisms: re HPTN cooperative group agreement 5 U01 A1 068617 and most
recently through the sub-contract with the IMPAACT network BRS-IMPCT-Q-06-00126-T001 under their Prime
agreement number 1 U01 Al068632.

The HIVIGLOB/NVP study was sponsored by NIAID/NIH [RO1-Al34235, UO1 Al038576 S and UO1
A169350-01].The content is solely the responsibility of the authors and does not necessarily represent the official
views of the NIAID, NICHD or NIH.

The authors sincerely thank the mothers and children who volunteered and participated in the two trials and all the
staff of Makerere University-Johns Hopkins University Research Collaboration/MU-JHU CARE LTD for their
participation in and support of the two trials.

Sour ce of Funding: National Institute of Allergy and Infectious Diseases, NIH, USA and the Ugandan Ministry of
Health

REFERENCES

1. UNAIDS. Report on the global HIVV/AIDS epidemic, 1998. Geneva: 1998.

2. WHO. Prevention of Mother-to-Child Transmission of HIV: Selection and Use of Nevirapine.
Technical Notes. World Health Organization; Geneva: 2001. WHO/HIV_AIDS/2001.03

3. Dunn DT, Newell ML, Ades AE, et al. Risk of Human Immunodeficiency Virus type 1 transmission
through breastfeeding. Lancet. 1992; 340:585-588. [PubMed: 1355163]

4. Miotti PG, Taha TE, Kumwenda NI, et al. HIV transmission through breastfeeding: A study in
Malawi. JAMA. 1999; 282:744-749. [PubMed: 10463709]

5. Nduati R, John G, Mbori-Ngacha D, et al. Effect of breastfeeding and formula feeding on
transmission of HIV-1: A randomized clinical trial. JAMA. 2000; 283:1167-1174. [PubMed:
10703779]

6. De Cock KM, Fowler MG, Mercier E, et al. Prevention of mother-to-child HIV transmission in
resource-poor countries: Translating research into policy and practice. JAMA. 2000; 283:1175-
1182. [PubMed: 10703780]

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2011 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Onyango-Makumbi et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

217.

Page 12

. Coutsoudis A, Pillay K, Kuhn L, et al. Method of Feeding and HIV-1 Transmission from Mothers to

Children by 15 months of Age: Prospective Cohort Study from Durban, South Africa. AIDS. 2001;
15:379-387. [PubMed: 11273218]

. Breastfeeding and HIV International Transmission Study Group, (BHITS). Late postnatal

transmission of HIV-1 in breast-fed children: an individual patient data meta-analysis. J Infect Dis.
2004; 189:2154-2166. [PubMed: 15181561]

. Wright CM, Parkinson KN, Drewett RF. Why are babies weaned early? Data from a prospective

population based cohort study? Arch Dis Child. 2004; 89:813-816. [PubMed: 15321854]

Kosek M, Bern C, Guerrant RL. The global burden of diarrhoeal disease, as estimated from studies
published between 1992 and 2000. Bull World Health Organ. 2003; 81:197-204. [PubMed:
12764516]

WHO. The Global Burden of Disease 2000 project: aims, methods, and data sources. World Health
Organization; Geneva: 2001. Available at http://www.who.int/healthinfo/paper 36.pdf

World Health Organization WHO; Food and Nutrition Programme; Food Safety Unit.
Contaminated Food: a major source of diarrhea and associated malnutrition among infants and
young children. Facts Infant Feed. 1993; 3:1-4. [PubMed: 12344884]

Creek, T.; Arvelo, W.; Kim, A,, et al. Role of Infant Feeding and HIV in a Severe Outbreak of
Diarrhoea and Malnutrition among Young Children, Botswana, 2006. Presented at: 14th
Conference on Retroviruses and Opportunistic Infections; Los Angeles, CA. 2007; [abstr 770]
Guay LA, Musoke P, Fleming T, et al. Intrapartum and neonatal single dose nevirapine compared
with zidovudine for prevention of mother- to — child transmission of HIV-1 in Kampala, Uganda:
HIVNET 012 randomized trial. Lancet. 1999; 354:795-802. [PubMed: 10485720]

Jackson JB, Musoke P, Fleming T, et al. Intrapartum and neonatal single-dose nevirapine
compared with zidovudine for prevention of mother-to-child transmission of HIV-1 in Kampala,
Uganda: 18-month follow-up of the HIVNET 012 randomised trial. Lancet. 2003; 362:859-868.
[PubMed: 13678973]

Guay L, Musoke P, Hom D, et al. Phase /Il Trial of HIV-1 Hyperimmune Globulin (HIVIGLOB)
for the Prevention of HIV-1 Vertical Transmission in Uganda. AIDS. 2002; 16:1391-1400.
[PubMed: 12131216]

Stiehm ER, Lambert JS, Mofenson LM, et al. Efficacy of zidovudine and human
immunodeficiency virus (HIV) hyper immune immunoglobulin for reducing perinatal HIV
transmission from HIV-infected women with advanced disease: results of Pediatric AIDS Clinical
Trials Group protocol 185. J Infect Dis. 1999; 179(3):567-75. [PubMed: 9952362]

Ministry of Health, Republic of Uganda. National policy guidelines for cotrimoxazole prophylaxis
for people with HIVV/AIDS. Apr. 2005

WHO/UNICEF/UNAIDS. HIV and Infant Feeding: Guidelines for Decision Makers. Geneva: Jun.
1998 WHO/FRH/NUT/CHD/98.1, UNAIDS/98.3, UNICEF/PD/NUT (J) 98-1

WHO. Conclusions and recommendations. WHO technical consultation on behalf of the UNFPA/
UNICEF/WHO/UNAIDS Inter-Agency Task Team on Mother-to-Child Transmission of HIV.
Geneva, 11-13 October 2000. World Health Organization; Geneva: 2001. New data on the
prevention of mother-to-child transmission of HIV and their policy implications. WHO/RHR/
01.28

Ministry of Health, Republic of Uganda. Policy For Reduction Of The Mother-To-Child HIV
Transmission In Uganda. May. 2003

Rothman, KJ.; Boice, JD. Epidemiologic analysis with a programmable calculator. US
Government Printing Office; Washington, DC: 1979. DHHS Publication No. (NIH) 79-1649
Rothman, KJ. Epidemiology: An Introduction. 1st ed. Oxford University Press; New York: 2002.
Fay, M. NIH/NIAID; http://cran.r-project.org/web/packages/rateratio.test/rateratio.test.pdf
[Accessed February 23, 2009]

Lehmann, EL. Testing Statistical Hypotheses. 2nd ed. Wadsworth and Brooks/Cole; Pacific Grove,
California: 1986. p. 152

R Development Core Team. A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing; 2007. Available at http://www.r-project.org

Stata Corp.. Stata Statistical Software: Release 8. StataCorp LP; College Station, TX: 2003.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2011 March 01.


http://www.who.int/healthinfo/paper36.pdf
http://cran.r-project.org/web/packages/rateratio.test/rateratio.test.pdf
http://www.r-project.org

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Onyango-Makumbi et al.

28

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Page 13

. Mukuria, AG.; Kothari, MT.; Abderrahim, N.; Agency for International D. Macro ORC. United S.
Infant and Young Child Feeding Update. ORC Macro; 2006. http://www.measuredhs.com/
pubs/pdf/NUTL/NUT1.pdf

Mermin J, Lule J, Ekwaru JP, et al. Effect of co-trimoxazole prophylaxis on morbidity, mortality,
CD4-cell count, and viral load in HIV infection in rural Uganda. Lancet. 2004; 364(9943):1428—
34. [PubMed: 15488218]

Kafulafula, G.; Thigpen, M.; Hoover, D., et al. Post- weaning Gastroenteritis and Mortality in
HIV-uninfected African Infants Receiving ARV Prophylaxis to Prevent MTCT of HIV-1.
Presented at: 14th Conference on Retroviruses and Opportunistic Infections; Los Angeles, CA.
2007; [abstr 773]

Thomas, T.; Masaba, R.; van Eijk, A., et al. Rates of Diarrhea Associated with Early Weaning
among Infants in Kisumu, Kenya. Presented at: 14th Conference on Retroviruses and
Opportunistic Infections; Los Angeles, CA. 2007; [abstr 774]

Kilewo C, Karlsson K, Massawe A, et al. Prevention of Mother-to-Child Transmission of HIV-1
Through Breast-Feeding by Treating Infants Prophylactically With Lamivudine in Dar es Salaam,
Tanzania: The Mitra Study. J Acquir Immune Defic Syndr. 2008; 48(3):315-323. [PubMed:
18344879]

Kumwenda NI, Hoover DR, Mofenson LM, et al. Extended Antiretroviral Prophylaxis to Reduce
Breast-Milk HIV-1 Transmission. N Engl J Med. 2008; 359(2):119-29. [PubMed: 18525035]

Kuhn L, Aldrovandi GM, Sinkala M, et al. Effects of Early, Abrupt Weaning for HIV-free Survival
of Children in Zambia. N Engl J Med. 2008; 359(2):130—-41. [PubMed: 18525036]

Thior I, Lockman S, Smeaton LM, et al. Breastfeeding plus infant zidovudine prophylaxis for 6
months vs formula feeding plus infant zidovudine for 1 month to reduce mother-to-child HIV
transmission in Botswana: a randomized trial: the Mashi Study. JAMA. 2006; 296:794-805.
[PubMed: 16905785]

WHO Collaborative Study Team on the Role of Breastfeeding on the Prevention of Infant
Mortality. Effect of breastfeeding on infant and child mortality due to infectious diseases in less
developed countries: a pooled analysis. Lancet. 2000; 355:451-455. [PubMed: 10841125]

Wold AE, Adlerberth I. Breastfeeding and the intestinal microflora of the infant — implications for
protection against infectious diseases. Adv Exp Med Biol. 2000; 478:77-93. [PubMed: 11065062]
Hanson LA, Korotkova M. The role of breastfeeding in prevention of neonatal infection. Semin
Neonatal. 2002; 7:275-81.

Van de Perre P. Transfer of antibody via mother’s milk. Vaccine. 2003; 21:3374-3376. [PubMed:
12850343]

Kagaayi J, Gray RH, Brahmbhatt H, et al. Survival of infants born to HIV-positive mothers by
feeding modality in Rakai, Uganda. PLOS ONE. 2008; 3:e3877. [PubMed: 19065270]

Doherty T, Chopra M, Jackson D, Goga A, Colvin M, Persson LA. Effectiveness of the WHO/
UNICEF guidelines on infant feeding for HIV-positive women: results from a prospective cohort
study in South Africa. AIDS. 2007; 21:1791-7. [PubMed: 17690578]

Mortajemi Y, Ké&ferstein F, Moy G, et al. Contaminated Weaning Food: A Major Risk Factor for
Diarrhoea and Associated Malnutrition. Bull World Health Organ. 1993; 71:79-92. [PubMed:
8440042]

Sheth M, Dwivedi R. Complementary foods associated diarrhea. Indian J. Pediatr. 2006; 73:61-64.
[PubMed: 16444063]

Kikafunda JK, Walker AF, Tumwine JK. Weaning Foods and Practices in Central Uganda: A
Cross-Sectional Study. African Journal of Food, Agriculture, Nutrition and Development. Nov.
2003 Volume 3(No. 2) [ISSN 1684-5378]. Available at http://www.ajfand.net/\Vol3No2.htm.
Consensus Statement. Geneva: Oct 25-27. 2006 WHO HIV and Infant Feeding Technical
Consultation Held on Behalf of the Inter-Agency Task Team (IATT) on Prevention of HIV
Infections in Pregnant Women, Mothers and their Infants.

Collet, D. Modelling survival data in medical research. Chapman and Hall; London: 1994. section
24

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2011 March 01.


http://www.measuredhs.com/pubs/pdf/NUT1/NUT1.pdf
http://www.measuredhs.com/pubs/pdf/NUT1/NUT1.pdf
http://www.ajfand.net/Vol3No2.htm

1duosnuely Joyny vd-HIN 1duosnuely Joyny vd-HIN

1duosnuely Joyny vd-HIN

Onyango-Makumbi et al.

35
i

Rate

e - ~&— HIVIGLOB/NVP
—s— HIVNET 012

25
!

GE Hospitalizations or Deaths per 1000 Child-Months

S T N S RN I A Y B B N B B
123 4567 8 910 12 14 16 18

Age {Monthz}

Figure 1.
Rates of Serious Gastroenteritis Events by month for the HIVNET 012 and

HIVIGLOB/NVP Trials

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2011 March 01.

Page 14



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Onyango-Makumbi et al.

el < _|
g o
=2
=
[%3
[l
8 g 4
B
&
o
g o |
- @
§
g —e— HIVNET 012
T 8- 36— HIVIGLOB/NVP

o
(=)
=
£
= o |
2 @
-
[&]

o

T T T I T T T T T
2 4 6 8 10 12 14 16 18
Months

Figure 2.
Kalpan Meier Estimates of Mortality among Infants in the HIVNET 012 and
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Baseline Characteristics for Ugandan HIV-Infected Mothers of Infants born HIVV-Uninfected in the HIVNET
012 and HIVIGLOB/NVP Trials

Motherswith HIV-

HIVIGLOB/NVP

Uninfected Infants HIVNET 012 TRIAL TRIAL p-value
N=623 N= 684

Age Mean (years) (SD) 24.6 (4.3) 25.8 (4.9) <0.001"

Parity Median (IQR) 3.0(2-4) 3.0(2-4) 0.26"

Marital status

Married/stable union 535 (85.9 %) 587 (85.8%)

ceparssd, widowed, divorced) B8 (14.1%) o742 096!

Education

Primary or less 400 (64.7 %) 384 (56.2%)

Secondary or more 218 (35.3 %) 299 (43.8%) 0.002F

Occupation

House wife 477 (79.4 %) 476 (69.6%)

Employed, Other 124 (20.6 %) 208 (30.4%) 0001t

Breastfeeding Cessation

(Ageof Infant)

Median(months) (IQR) 9.3%(6.1-15.0) 40%2.8-6.0) <0.0018

Baseline Absolute CD4 cell

counts

Median (IQR) 450 (278 - 646) 424 (279 -587) 0.25"

Baseline Viral Load

Median (IQR) 25090 (7367 - 73797) 34222 (8388 -119711)  (.052*

*
Based on the 2-sample t-test
+

Based on Pearson’s Chi-squared Test with Yates Continuity correction

:CBased on a Kaplan-Meier estimate

§[Reference 46]
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