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Summary:
We studied the onset of EBV infection in the first year of life of HIV-exposed
uninfected infants from Uganda. EBV infection was determined by HIV and EBV
maternal factors and EBV DNA was higher among infants with clinical adverse
events.

ABSTRACT

Background. Immune control of Epstein-Barr virus (EBV) infection is impaired in HIVinfected individuals. We explored maternal factors associated with EBV acquisition
in HIV-exposed uninfected (HEU) infants and the relationship between EBV infection
and serious adverse events (SAE) during the first year of life.

Methods. Two hundred and one HEU infants from Uganda enrolled in the
ANRS12174 trial were tested for anti-viral capsid antigen (VCA) antibodies at week
50 of life. The date of infection was estimated by testing of EBV DNA at weeks 1, 6,
14, 26, 38 and 50 postpartum on dried blood spot (DBS).

Results. Eighty-seven (43%) infants were tested positive for anti-VCA IgG at week 50.
Among the 59 infants positive for EBV DNA, 25% were infected within the first 26
weeks. Almost half of them (12%) were infected before week 14. Shedding of EBV in
breast milk was associated with EBV DNA in maternal plasma (P=.009), HIV RNA
detection (P=.039), lower CD4 count (P=.001) and was correlated with plasma EBV
DNA levels (P=.002). EBV infant infection at week 50 was associated with shedding
of EBV in breast milk (P=.009) and young maternal age (P=.029). Occurrence of a
clinical SAE, including malaria and pneumonia, was associated with higher levels of
EBV DNA in infants (P=.010).

Conclusions. By assessing EBV infection in HEU infants we observed that infection
during the first year of life is determined by HIV and EBV maternal factors and that
EBV DNA levels was higher among infants with clinical SAE.
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1.0. INTRODUCTION

The population of HIV-exposed uninfected (HEU) infants is growing steadily due to
effective prevention programs of mother-to-child transmission (MTCT) [1]. However,
several studies suggest that HEU infants have increased morbidity and mortality of
infectious origin [2] and reports about growth and neurodevelopment are still
concerning [3-5].
EBV infection commonly occurs during early childhood in Africa and nearly half of
infants from Western and Eastern countries, have acquired the infection by one
year of age [6,7]. More recent studies conducted in Eastern African countries have
reported similar rates of EBV infection among HIV-exposed uninfected infants (HEU)
at one year of life [8,9].
Biological factors associated with early EBV infection remain to be explored in HEU
infants. Immunosuppression and overactivation of lymphocytes impair the host
control over EBV infection in HIV-infected subjects [10,11]. EBV is essentially
transmitted by saliva [12], and EBV oral shedding is increased in HIV-infected
mothers [9]. Although breastfeeding is not considered a risk factor for EBV
transmission [9,13,14], infectious potential of EBV in breast milk has been recently
suggested [15]. Furthermore, presence of EBV in breast milk may enhance MTCT of
HIV [16]. HEU infants might also be more vulnerable to EBV infection due to
impaired transplacental transfer of protective maternal antibodies [17,18].
Primary EBV infection is usually asymptomatic when it occurs during early age
[19,20]. However, early EBV infection has been suggested as a risk factor for EBV

related malignancies, such as the endemic Burkitt lymphoma (eBL), the most
prevalent pediatric cancer in Africa [6-8,21]. Geographic distribution of eBL is
overlapped with high endemic malaria regions, highlighting the role of malaria and
EBV interactions in eBL genesis [22].
In this study, we aimed to determine the onset of EBV infection in HEU infants
during the first year of life in Africa and maternal factors associated with early EBV
infection. We also assessed the relationship between EBV infection, growth and
serious adverse events recorded during the follow-up period.

2.0. METHODS

2.1. Study population and samples
This longitudinal study included infants born from HIV-positive mothers enrolled in
the ANRS12174 trial (NCT00640263). The ANRS12174 trial is a randomized
multicenter controlled trial held in Burkina Faso, South Africa, Uganda, and Zambia
from 2009 to 2012 [23]. HEU breastfed infants born from HIV-1-infected mothers
not eligible for antiretroviral therapy (CD4 count >350 cells per μL) according to
national and international guidelines at that time, were randomized to either
lopinavir–ritonavir or lamivudine infant prophylaxis to prevent postnatal MTCT of
HIV up to 50 weeks of breastfeeding.
The study population was enrolled at Mbale Regional Referral Hospital, a semi-rural
site in Eastern Uganda. Infants and maternal samples were stored locally at -80°C
and then sent to INSERM UMR-1058 Montpellier research unit. Plasma HIV RNA was

tested using the GENERIC HIV Charge Virale assay (Biocentric, Bandol France), as
previously described [24]. The lower limit of detection was 300 copies/ml.

2.2. Diagnoses of EBV infection in mothers and HEU infants
EBV infection was diagnosed by detecting IgG antibodies directed against viral capsid
antigen (VCA) in 201 maternal plasma and dried blood spots (DBS) samples collected
in infants at week 1 and week 50 respectively, using an automated immunoassay
according to the manufacturer’s instructions (LIAISON® VCA IgG, DiaSorin, Saluggia,
Italy). Results were expressed as signal to cut off index (S/CO: sample signal
(RLU)/mean levels of anti-VCA negative controls + 3 standard deviation). The
technique was validated in DBS samples (Supplementary Figure 1).
The index of maternally-transferred anti-VCA IgG antibodies were only tested in a
subgroup of 150 infants at week 1. The decay of the index after birth is shown in
Supplementary Figure 2.

2.3. EBV DNA quantification
DBS samples from 87 infants detected positive for anti-VCA IgG at week 50 were
sequentially tested for EBV DNA in all sampling points of the follow-up (weeks 1, 6,
14, 26, 38 and 50).
A DBS disc of 6 mm was punched into 1.5 mL sample tubes. Nucleic acid elution was
performed in 200 μL according to the method previously described [25]. EBV DNA
was also tested in 188 lactoserum and 197 maternal plasma samples at week 1
postpartum.

EBV DNA was extracted using an automated QIAamp DNA Mini QIAcube Kit
according to the manufacturer's protocol (Qiagen, Hilden, Germany) and EBV DNA
was amplified using R-gene EBV™ kit (Argene, Biomerieux, France). The results were
expressed as EBV DNA copies/106 cells in DBS samples and as copies/mL in plasma
and breast milk samples. Human cell count in the DBS was determined using β
globin qPCR as described [26]. The detection limit of R-gene EBV™ kit was set at 182
copies/mL according to the manufacturer [27].
The highest level of EBV DNA quantified in DBS during the follow-up was considered
as the peak of EBV DNA.

2.4. Malaria exposure
Asymptomatic malaria was assessed by detection of Plasmodium falciparum and
Plasmodium vivax DNA, which is considered an appropriate method to estimate
malaria prevalence in low transmission settings [28]. DNA was eluted and extracted
from DBS samples in 177 and 197 infants at week 26 and 50, respectively (as
described above). Detection of Plasmodium falciparum and vivax DNA was done by a
nested PCR [29].

2.5. Clinical assessments
Serious adverse events (SAE) grade III or IV were recorded at any time between
week 1 and 50 [23,30]. We distinguished SAE as biological - abnormal laboratory
blood test (e.g. anemia); or as clinical (e.g. pneumonia, see Supplementary Table 1).
Malaria infection was considered as a clinical SAE based on clinical symptoms and
thick blood smear independently of detection of Plasmodium falciparum DNA on
DBS samples at week 26 or 50.

Growth at one year of age was evaluated as weight‐for‐length (WLZ), weight‐for‐age
(WAZ) and length‐for‐age (LAZ) Z‐scores using the WHO child growth standards and
the free WHO program (http://www.who.int/childgrowth/training/en/)[31]. Growth
was assessed among 158 infants who had completed the final visit. WLZ, WAZ and
LAZ were considered severely-moderately abnormal when Z score was less than –2.

2.6. Statistical analysis
The cumulative incidence of primary EBV infection was calculated using the Kaplan–
Meier method. Characteristics were compared between EBV infected and EBV
uninfected infants at week 50 using the χ2 test for categorical variables, or Fisher's
exact test if the numbers were small. Continuous data were assessed with
Student's t test or Wilcoxon Mann–Whitney test when their distributions were nonnormal. Spearman’s rank correlation coefficient was used to describe the correlation
between maternal EBV DNA levels in plasma and breast milk. EBV DNA and HIV RNA
levels were log transformed and undetectable viral load (VL) were transformed to
logarithmic zero for analyses. All tests were 2-tailed with α = .05.
A logistic regression model with a backward selection was used to identify maternal
and infant risk factors associated with EBV infection at week 50 and to estimate the
risk factors of a WLZ score less than -2 SD in infants at one year of life. Variables with
a P value less than .20 in univariate analysis were included in the multivariate model.
The prophylactic antiretroviral (ARV) regimen was also included in the multivariate
model since prophylactic regimen based on lopinavir-ritonavir might impair growth
in HEU infants [4].

Statistical analyses and graphs were performed using IBM SPSS statistics 20 software
(SPSS Inc., Chicago, IL, USA) and GraphPad Prism 6.0 (GraphPad Software, Inc., San
Diego, CA).

3.0. RESULTS

3.1. Baseline characteristics of study population
Out of 273 mother-infant pairs enrolled in the ANRS12174 trial in the Ugandan study
site, 201 were selected for the present sub-study since they had completed the
follow up visits and had available baseline specimens (Figure 1). Baseline
sociodemographic and biological characteristics were not significantly different
between mother-infant pairs included and not included (data not shown).
The majority of mothers included presented with WHO clinical HIV-1 stage I [32] and
a median of CD4 above 500 cells per μL. One third of mothers had detectable levels
of HIV RNA in plasma. The median breastfeeding duration was 40 weeks (Table 1).
All mothers were anti-VCA IgG positive .

3.2. Dynamics of EBV infection in HEU infants
Anti-VCA IgG antibodies were detected in 87 out of 201 infants (43%) at week 50 of
life. Among them, a median of six DBS samples per infant (interquartile range: IQR:
4-6) were retrospectively tested for EBV DNA. EBV DNA were detected at least once
in 59 infants (68%): seven out of 59 (12%) at week 6 and 14, eight (14%) - at week 26
and 34 (58%) - at week 38 and 50 (Supplementary Figure 3). No sample was
detected positive for EBV DNA at week 1 postpartum. The median values and IQR of
peak of EBV DNA was 713 copies/106 cells (261-2.739).

3.3. Factors associated with EBV infant infection during the first year of life
3.3.1 Maternal factors
EBV infection at week 50 was associated with a young maternal age (P=.029) and
detectable levels of HIV RNA in plasma (P=.035) (Table 2). Educational level,
maternal parity and breastfeeding duration were not associated with EBV infection
at week 50 in univariate analysis (Table 2).
Breast milk and plasma EBV DNA were detectable in 19% (35/188) and 8% (15/197)
of mothers at week 1 post-delivery, respectively. EBV infection at week 50 was more
frequent among infants born from mothers who tested positive for EBV DNA in
breast milk (22/80, 27.5%) compared with those born from mothers who tested
negative in breast milk (13/108, 12%) (P=.009) (Table 2). EBV infection at week 50
also tended to be more frequent among infants born to mothers with detectable
EBV DNA plasma samples compared with those with undetectable EBV DNA (10/84,
11.9% vs 5/113, 4.4%; P=.059) (Table 2).

3.3.2. Infant factors
All infants had detectable anti-VCA IgG antibodies at week 1 of life without
differences in anti-VCA IgG index between EBV infected and uninfected infants at
week 50 (Table 2). Infants who acquired EBV infection before or at week 14 tended
to have a lower index of anti-VCA IgG at week 1 than infants infected beyond week
14 (P=.153) and uninfected infants (P=.119) (see Supplementary Figure 4).
Plasmodium falciparum DNA was detected in 12 out 177 infants (6.8%) at week 26
and in 21 out of 197 (10.9%) at week 50. Only one infant out 177 tested positive for

Plasmodium vivax DNA at week 26 and two infants out 197 at week 50. The
frequency of EBV infection at week 50 was not associated neither with Plasmodium
DNA detection nor with occurrence of SAE during the first year of life (Table 2). The
univariate analysis did not demonstrate any difference in EBV infection at week 50
between the two prophylactic ARV regimens (Table 2).

3.3.3. Risk factors for EBV infection during the first year of life
EBV DNA shedding in breast milk at week 1 and young maternal age remained
significantly associated with EBV infection at week 50 in multivariate analysis (Table
2).

3.4. Factors associated with presence of EBV DNA in breast milk at week 1
Seven out of 35 (20%) mothers tested positive for EBV DNA in breast milk were also
tested positive for EBV DNA in plasma compared to only 8 out of 152 (5.3%) mothers
tested negative for EBV DNA in breast milk but positive in plasma (P=.009; data not
shown). When detected, EBV DNA levels were higher in breast milk than in maternal
plasma samples (ranging from 75 to 34.200 copies/mL compared to 2 to 342
copies/mL, respectively) and were correlated in both compartments (Rho = 0.228;
P=.002) (data not shown). EBV DNA in breast milk were more frequently detected
among mothers with detectable plasma HIV RNA compared to mothers who tested
negative for plasma HIV RNA (48.6% vs 30.3%, P=.039) (data not shown). Presence of
EBV in breast milk was also significantly associated with a lower median (IQR) CD4
cell count (451 cells per μL [391-550] vs. 549 cells per μL [451-638]; P=.001) (Figure
2). Levels of EBV DNA in plasma were not correlated with plasma HIV RNA.

3.5. Factors associated with higher EBV viral load in infants
Among the 10 EBV infected infants diagnosed with a clinical SAE, half of them
experienced an episode of malaria. The peak of EBV DNA was higher among infants
who presented a clinical SAE during follow-up comparing with those without SAE
(median: 1887 copies/106 cells; IQR 362-76138 vs. 27 copies/106 cells; IQR: 0-920;
P=.010) (Figure 3). The peak of EBV DNA was detected after the occurrence of the
clinical SAE in eight out of ten infants. In three out of four infants for whom a
diagnosis of malaria was made, EBV DNA was detected in the week following the
probable malaria episode (data not shown).
A higher peak of EBV DNA was not associated neither with the presence of
Plasmodium falciparum or vivax DNA in infants DBS at week 26 or 50 nor with the
prophylactic ARV regimen (lopinavir-ritonavir vs. lamivudine) (data not shown).
3.6. Association between EBV infection and infant anthropometric status
A severe-moderate WLZ (Z score less than -2) at week 50 was more frequently found
among EBV infected infants compared to uninfected infants: 10/15 (66.7%) vs 5/15
(33.3%) (P=.024) (Table 3). A lower gestational age and the occurrence of at least
one SAE during the follow-up period were also associated with a WLZ less than -2 at
week 50 (Table 3). In multivariate analysis, EBV infection at week 50 remained
associated with a WLZ less than -2, independently of gestational age or the
occurrence of a SAE during follow-up (Table 3).
No differences in WAZ and LAZ at week 50 were found between EBV infected and
uninfected infants (data not shown).

4.0. DISCUSSION
Our results suggest that the shedding of EBV in maternal breast milk can be
considered as a marker of immunosuppression in HIV mothers. Together with the
transfer of less protective maternal antibodies, this may facilitate EBV infection in
infants. Furthermore, serious clinical conditions including malaria and pneumonia
were associated with higher EBV DNA levels.
In this cohort, almost half of the HEU infants acquired EBV infection during the first
year of life. Previous studies from Kenia and also Uganda have shown comparable
rates ranging from 40-47% at one year of life [8,9]. Of note, primary EBV infection at
one year was found in a similar percentage before the start of the HIV epidemic
among African infants from urban Ghana and Uganda [6,7]. Early age at EBV
acquisition has been described among non-Hispanic black children in the United
States 14. According to the authors, genetics and family environmental factors
might be associated with the acquisition of EBV infection 14.
We detected EBV infection within the first 26 weeks in at least a quarter of HEU
infants and in some of them before week 14. As previously suggested, transfer of
less protective maternal antibodies may be responsible for EBV infection before 6
months among HIV exposed infants (HEI and HEU) [8,9,33,34] or infants living in
high endemic malaria regions [21,35]. EBV infection has been diagnosed as early as 6
weeks of life in 13% (33 out of 257) of HEI infants participating in a Zimbabwean
study, with a rate of 2% of congenital EBV infection [33] while it reached 14% of HEI
in the first trimester of life in a Kenyan study [34].

In this study, infants born from mothers with EBV shedding in breast milk were more
frequently infected by EBV during the first year of life. EBV DNA is encapsidated in
the breast milk [36], - by contrast with EBV DNA released from lysed infected cells -,
and therefore consists of potentially infectious virus particles. Infectivity of EBV has
been recently reported in vitro using breast milk samples from lactating women
living in a malaria-endemic region [15]. However, previous studies had not identified
breast milk as a potential infectious vehicle for EBV [9,16,37]. Actually, our results do
not demonstrate that breast milk is a route for EBV transmission but rather that EBV
shedding in breast milk reflects host-virus interplay in mucosal-associated tissues,
such as lactating mammary gland. EBV shedding is frequent in breast milk, probably
fueled by EBV replication in infected B cells, and ultimately limited by the immune
response [36]. By contrast, the presence of EBV DNA in plasma is very infrequent,
and when detected, this implies primary infection or an impairment of the
immunosurveillance against EBV [38].
Infants participating in ANRS12174 trial were randomized to receive either lopinavirritonavir or lamivudine ARV prophylaxis. Previously, Slyker et al. found that HEI
infants with primary EBV infection suppressed EBV replication faster when they
were treated with lopinavir-based ARV treatment comparing to infants treated with
nevirapine [34]. However, we did not observe a lower incidence of EBV infection,
nor a lower level of the EBV DNA in the infant group receiving protease inhibitor
compared to the lamivudine group.
We observed a relationship between occurrence of clinical SAEs, – including
malaria–, and the peak of EBV DNA which was generally detected after the
occurrence of clinical SAEs. Symptomatic primary EBV infection can occurs in both
healthy [39] and infants born from HIV mothers [8,33]. In a previous study, mild

clinical symptoms in HEU infants, - and more severe in HEI-, were concomitantly
observed with peaks of EBV viral load, leading authors to suggest that EBV infection
may be an important cause of morbidity [8]. However, serious clinical conditions as
well as stress can favor EBV reactivations [40]. Clinical SAE are likely to be important
enough to disrupt immune responses against EBV allowing to higher viral load.
Malaria exposure alone, however, as measured by Plasmodium DNA detection, was
neither related to EBV seroconversion at one year of life, nor to higher levels EBV
DNA level. Infants living in high endemic malaria regions acquire EBV earlier and
present higher levels of EBV DNA, as compared to infants from low endemic areas
[21].
Finally, we observed that abnormal growth at one year was more prevalent among
infants who acquired EBV infection along first year of life, independently of
gestational age and presence of a SAE. Mild growth impairment related to EBV
infection has been reported in a cohort of HEI early infected by EBV [33]. Our results
suggest that EBV infection may be one of the multiple infectious agents associated
with early HEU morbidity and growth retardation. To our knowledge, no association
between EBV infection and infant growth have been reported before the start of HIV
epidemic.
In conclusion, EBV infection in HEU was determined by maternal factors associated
to EBV immunological control. Shedding of EBV in breast milk likely reflected
impaired EBV control in mucosal compartment and the risk of EBV infection in
infant. Higher levels of EBV DNA in infants was associated with SAEs and both EBV
infection and SAEs might negatively affect the infant growth. EBV infection should
be considered in further studies exploring the health outcomes of HEU children.
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FIGURES LEGENDS

Figure 1. Diagram of study procedures. Flowchart summarizing the identification of
EBV-infected infants
* Follow-up visits missing or samples not available

Figure 2. Number of CD4 T cell according to EBV shedding in breast milk (BM)
Middle lines and end bars represent mean and standard deviation of maternal CD4 T
cell count. Differences between groups were analyzed using the Mann–Whitney
test.

Figure 3. Levels of EBV DNA in EBV infected infants according to occurrence of
serious adverse events (SAE)
The peak of EBV DNA (as the highest level of EBV DNA recorded over the study
period) were compared between infants having neither experienced biological
(abnormal laboratory blood test, e.g. anemia) nor clinical SAE (N=39) and having
experienced biological (N=38) or clinical SAE (e.g. pneumonia) (N=10). Middle lines
and end bars represent mean and standard deviation of EBV DNA levels compared
by the Mann–Whitney test.

Table 1. Baseline socio-demographic, clinical, and immunovirological characteristics
of 201 mother-infant pairs

Median (IQR) or n (%)
N=201
Maternal
characteristics
Age, years
18-22

50 (24.9%)

23-26

54 (26.9%)

27-30

63 (31.3%)

31-40

34 (16.9%)

Education level completed
None

11 (5.5%)

Primary

125 (62.2%)

Secondary or tertiary

65 (32.3%)

Parity

3 (2-5)

PMTCT regimen
During pregnancy

166 (82.6%)

During labour

200 (99.5%)

WHO clinical HIV-1 Staging
Staging I

182 (90.5%)

Staging II, III

19 (9.5%)

CD4 cell count (cells per μL)*

525 (436-624)

Detectable plasma HIV-1 RNA (>300 copies per 68 (33.8%)[200]
mL)*
Breastfeeding duration, weeks

40.4 (36.3-43)
Infants characteristics

Gestational age, weeks

40 (39-40) [200]

Birth weight, kilograms

3 (2.8-3.3)

Male sex

102 (50.7%)

* At week 1 post-partum

Data are number (%) of subjects or median value (interquartile range: IQR). For
variables with missing data, the number of participants with available data is shown
in square brackets.

Abbreviations: PMTCT, Prevention of mother-to-child transmissionTable

2. Maternal and infant factors associated with EBV infant infection at week 50
(univariate and multivariate analysis)

Median (IQR) or n

Crude estimatesa

Adjusted
estimatesb

(%)
EBV

EBV not

infected

infecte

(N = 87)

d
(N =
114)

Maternal

OR

factors

95%

P

CI

valu

OR

95%

P

CI

valu

e

e

Age (years)
18-22

29

21

0.7

0.56

(33.3%)

(18.4%)

3

-

.029

0.97
23-26

27-30

31-40

Education

22

32

(28.1%)

(25.3%)

24

39

(34.2%)

(29.6%)

12

22

(13.8%)

(19.3%)

57

68

0.7

0.41

0.6

0.51

9

0.93

.341

.014

level (primary

(65.5%)

(59.6%)

5

vs. secondary

1.36

or more)
Parity

3 (2-5)

3 (2-5)

(number)

0.9

0.84

7

-

.668

1.12
WHO clinical

76

106

1.9

0.74

HIV-1 Staging

(87.4%)

(93%)

2

-

(stage I vs.

.182

4.99

II/III)
CD4 cell count

521 (438-

529

1.0

0.99

(cells per μL)*

627)

(430-

0

-

627)
Detectable
plasma HIV-1

1.00

37

31

1.9

1.08

(42.5%)

(27.4%)

6

-

RNA*

[113]

.026

3.54

Detectable

10

5

2.9

0.96

plasma EBV

(11.9%)[8

(4.4%)

2

-

DNA*

4]

[113]

Detectable

22

13

2.7

1.30

breast milk

(27.5%)[8

(12%)

7

-

EBV DNA*

0]

[108]

Infant factors

.535

.059

8.89

5.92

.009

2.6

1.23

6

5.77

.013

Gestational

40 (39-41)

age, weeks

40 (39-

1.0

0.79

41)

0

-

.985

1.26
Anti-VCA IgG

7.31

9.09

0.9

0.98

index*

(5.79-

(5.43 –

9

-

11.68)

18.60)

[61]

[89]

16

16

1.3

0.65

(14.1%)

(18.4%)

8

-

Plasmodium
falciparum/viv

.880

1.02

ax DNA at

.404

2.94

week 26/50
(at least once
positive vs. no)
SAE during the
first year of

48

59

1.1

0.65

(55.17%)

(51.75

5

-

life (at least

%)

.630

2.01

once vs. no)
Type of
prophylaxie
(lopinavirritonavir vs.
lamivudine)

50

58

1.3

0.74

(57.5%)

(50.9%)

0

2.29

.353

* at week 1 post-partum
a

Crude odds ratio using univariate analysis

b

Adjusted odds ratio using a logistic regression model with a backward selection

(variables with a P value less than .20 in univariate analysis were included in the
multivariate model).
Abbreviations: OR, odds ratio; CI, confidence interval; SAE, serious adverse events

Table 3. Factors associated with infant’s abnormal WLZ at week 50 (univariate and
multivariate analysis)

WLZ
Z score

Z score

> -2 SD

< -2 SD

(N=15)

(N=143)

Crude estimatesa

OR

Age (years)

95%

P

CI

value

27 (20- 26 (19- 1.00 0.9134)

33)

CD4 cell

523

538

count (cells

(330-

(359-

per μL)*

716)

717)

Detectable

7

47

plasma HIV-1

(46.7%

(33.1%)

RNA*

)

Birth weight,

2.9

3 (2.8- 0.99 0.99-

kilograms

(2.8-

3.3)

Adjusted estimatesb

OR

95%

P

CI

value

0.959

1.11
1.00 0.99-

0.453

1.00

0.56 0.19-

0.293

1.65

.361

1.00

3.2)
Gestational

39 (38- 40 (39- 0.57 0.38-

age, weeks

40)

40)

Breastfeedin

39.86

40.57

g duration,

(33.14-

(36.43-

.008

0.86
1.02 0.951.11

0.54 0.330.89

.554

.007

weeks

44.86)

43)

Antiretroviral

8

68

prophylactic

(53.3%

(47.6%)

regimen

)

1.26 0.43-

.670

3.66

(lopinavirritonavir vs.
lamivudine)
EBV infection

10

50

by week 50

(66.7%

(35%)

(yes vs. no)

)

At least one

13

76

SAEc during

(86.7%

(53.1%)

the first year

)

3.72 1.20-

.022

11.48

5.73 1.25-

5.27 1.47-

.011

18.94

.025

26.32

5.11 1.06-

.043

24.75

of life (yes vs.
no)

*At week 1
a

Crude odds ratio using univariate analysis.

b

Adjusted odds ratio using a logistic regression model with a backward selection

(variables in bold were included in the multivariate model).
c

SAE: all serious adverse events grade III or IV (including clinical and biological)

Abbreviations: WLZ, weight for length; SD, standard deviation; OR, odds ratio; CI,
confidence interval; SAE, serious adverse events.
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