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Background. Morbidity and mortality are higher among human immunodeficiency virus (HIV) exposed but
uninfected (HEU) infants than unexposed infants, particularly if the mother had a low CD4 count. We investigated
the possible association between maternal immune depression during pregnancy and the risk of infection in HEU
infants in the national French Perinatal Cohort (EPF).

Methods. All neonates, born alive, to HIV-1-infected women enrolled in the EPF between 2002 and 2010 were
included. The primary outcome was the first serious (hospitalization or death) infection during the first year of life.
The main exposure variable was maternal CD4 cell count near delivery. The Kaplan-Meier method and multivariate
Cox models were applied, with the different types of infections managed as competing events.

Results. Among 7638 HEU neonates, 699 had at least 1 serious infection (of which 159 were bacterial) with a
Kaplan-Meier probability of 9.3% (95% confidence interval, 8.7-10.0) at 1 year. The risk of serious bacterial infection
during the first year of life significantly increased with lower maternal CD4 cell count, before and after adjustment for
maternal CD4 cell count <350 and 350-499 CD4/mm?> (adjusted hazard ratio=1.7 [1.2-2.6] and 1.2 [0.8-1.9],
respectively; P =.03). This association mainly concerned infections involving encapsulated bacteria (P =.03).
The risk of serious viral infection was, by contrast, independent of the mother’s CD4 cell count.

Conclusions. Maternal CD4 count is significantly and specifically associated with the risk of serious infections
with encapsulated bacteria in HEU infants.
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The widespread use of antiretroviral multitherapy  to-child transmission of human immunodeficiency
virus (HIV) [1]. However, the number of HIV-exposed-

but-uninfected (HEU) infants is increasing. Cohort

during pregnancy has decreased the rate of mother-

studies in Africa [2-6] and India [7] report higher mor-
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bidity and mortality in HEU children than children
born to HIV-uninfected mothers, specifically involving
lower respiratory tract infections [3] and linked to ma-
ternal immune status [2]. Kuhn et al [8] report that in-
fants born to mothers with <350 CD4 cells/mm”’ were
2.9 times more likely to die and 2.3 times more likely
to be hospitalized than infants born to mothers with
>350 CD4 cells/mm®. Other similar studies confirm
these findings [9]. Although there are no similar
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observations from large cohorts in industrialized countries, a
Belgian study showed that streptococcus B infection was 19
times more frequent among HEU infants than other infants
[10]. There are several possible reasons for these findings, in-
cluding a social context of poverty and limited access to care,
imbalanced maternal microbial ecology, or immunodeficiency
in HEU infants. Several quantitative and qualitative immuno-
logical abnormalities have indeed been observed in these chil-
dren [11], including altered dendritic cell phenotype [12, 13],
CD4/8 lymphopenia [14-17], reduction of naive or memory T
cells [14, 18, 19], reduced size of the thymus [20], cytokine produc-
tion [14,21],increased apoptosis of T cells [22],and altered cellular
immune response to bacille Calmette-Guérin [23]. Data relevant to
B lymphocyte function and production of specific antibodies after
vaccination of HEU children are contradictory. Humoral immuni-
ty is, in some cases, apparently impaired [24]; however, in a large
South African study, titers of antibodies against pertussis and
pneumococcus after immunization were higher than in controls
[25]. The main consistent finding is of impaired humoral immu-
nity that is passively transferred from the mother to the child by
placental transfer of maternal immunoglobulin (Ig) G [25-30]. Ex-
cept for this passively transmitted humoral immune deficiency, it
is difficult to dissect the role of the maternal disease itself from the
potentially or putatively deleterious effects of HIV antigens to
which the uninfected fetus is exposed [31], possible coinfections
[32], and antiretroviral therapy (ART) [11, 33-36].

We used the national French Perinatal Cohort (EPF) to study
the relationships between maternal immunological status and
serious infectious morbidity of HEU infants living in a high-
income country.

METHODS

The French Perinatal Cohort: France REcherche Nord&Sud
Sida-HIV Hepatites C01/C011-EPF

Since 1986, EPF has prospectively enrolled pregnant HIV-
infected women delivering in 90 centers throughout France.
The methodology has been described elsewhere [37]. Mothers
are followed until delivery and children are followed from birth
to 1, 3, 6, 12, and 18-24 months after birth, and then, if HIV-
infected, every 6 months. Clinicians are encouraged to follow
current French national guidelines [38], without any specific rec-
ommendations from EPF, and there is no childhood immuniza-
tion specifically given due to HIV exposure. The EPF is funded by
the France REcherche Nord&Sud Sida-HIV Hepatites (ANRS)
and has been approved by the Hopital Cochin institutional review
board and the French computer database watchdog commission.

Study Population
All neonates included in the EPF born to HIV-1-infected moth-
ers between 1 January 2002 and 31 December 2010, at 28 weeks

of gestational age or more, and not breastfed were eligible for this
study if they were HIV-uninfected (N = 8216 infants). An infant
was considered to be uninfected if serologically negative at >18
months and/or if 2 separate samples after the neonatal prophy-
lactic treatment were HIV-1 polymerase chain reaction negative.
Infants with undetermined HIV status, missing maternal CD4
cell count, or missing follow-up duration were excluded
(Figure 1).

Primary Outcome

The primary outcome was the first serious infection during the
first year of life. All clinical events and hospitalizations were re-
corded at each routine visit to the pediatric center, using stan-
dardized questionnaires that included items for infections,
organ systems involved, and infectious agents responsible.

An infection was defined as “serious” if it was the main rea-
son for hospitalization or death. Infections, as recorded pro-
spectively by clinicians who reported them in standardized
questionnaires, were retrospectively classified by both epidemi-
ologists and pediatricians (blind to maternal and neonatal char-
acteristics) into the following 3 categories: bacterial, viral, and
fungal/parasitic. Infection categories were considered as proven
if the causative agent was identified (from blood or local sam-
ples) or probable in cases of expert judgment alone. All infec-
tions with no reported causative agent and no unambiguous
consensual identification were classified as “undetermined”
(see Supplementary Table 1). Prenatal infections were not stud-
ied. Reasons for loss to follow-up, especially death, are reported
in the EPF questionnaire when known by clinicians at partici-
pating centers.

Primary Exposure

The main exposure variable was the maternal CD4 cell count
closest to (before or no later than 1 week after) delivery catego-
rized into the following 3 classes: <350, 350-499, >500 cell/mm”.

Statistical Analysis

Fisher exact or % tests were used to compare distributions of
categorical variables. Student ¢ test or Wilcoxon rank test was
used to compare means of continuous variables.

The Kaplan-Meier survival method and proportional haz-
ards survival Cox models were used to study the association be-
tween maternal CD4 cell count and the first occurrence of
serious infection before age 1 year (event). Follow-up was cen-
sored at 12 months or the last available data before age 1 year.
To study associations with each type of serious infection (bac-
terial, viral, fungal/parasitic, undetermined), follow-up was also
censored at the first occurrence of any other type, considered as
competing events. Adjusted hazard ratios (aHRs) measuring as-
sociations between maternal CD4 count and serious bacterial

and viral infections were estimated in separate multivariate
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9358 neonates born alive between
January 2002 and December 2010

1142 not eligible for >1 of the following
reasons®:

- HIV-2-infected mother (172)

- Unknown maternal HIV type (171)

- Severe prematurity <28 GW (61)

- Unknown gestational age (70)

- Breastfed infant (20)

- HIV-infected infant (79 HIV-1; 1 HIV-2)
- Undetermined infant HIV status (830)

Fy

v

8216 eligible neonates

578 excluded because:

- 557 Maternal CD4 count unknown
- 21 Unknown follow-up time

'y

X

7638 neonates included

Maternal CD4 cell count

h 4

!

A

(1 infectious death)®
-Fungal or parasitic: 2(2)/3

-Fungal or parasitic: 3(2)/3
-Undetermined: 25(0)/28

-Undetermined: 55(0)/59

=500/mm? 350—499/mm? <350/mm?
N=23353 N=2155 N=2130
h 4 v ‘b
Serious infection leading to hospitalization or death
(first occurrence (microbiologically identified)/total)
-Bacterial: 57(17)/59 -Bacterial:  44(25)/51 -Bacterial: 58(19)/72
-Viral: 185(26)/216 -Viral: 122(16)/147 -Viral: 109(15)/130

(2 infectious deaths)®
-Fungal or parasitic: 3(1)/5
-Undetermined: 36(0)/40

B v

No serious infection but lost to follow-up or died before age 1 year

-374 lost to follow-up
-2 noninfectious deathsd

-191 lost to follow-up
-0 noninfectious death

-262 lost to follow-up
-1 noninfectious death®

Figure 1. Flow chart identifying infants born to mothers infected with human immunodeficiency virus between 2002 and 2010 in the France REcherche
Nord&Sud Sida-HIV Hepatites CO1/C011. #Total may exceed the number not included because there was more than 1 reason for nonparticipation for several
neonates. "One infant died at 9 months (severe diarrhea with dehydration). “Two infants died, 1 at 8 months (respiratory failure subsequent to viral infection
and suffering from infantile spinal muscular amyotrophy) and 1 at 1 year (viral pericarditis). “One death of unknown cause at 5 months, 1 death from arterial
pulmonary hypertension at 9 months. ®One death due to cardiac failure at 6 months. Abbreviations: GW, gestational weeks; HIV, human immunodeficiency

Virus.

Cox models. The number of fungal/parasitic infections was too

small to fit a specific model.

Multivariate models were adjusted for known risk factors
of infections recorded in the EPF cohort, for type of ART

(potentially linked to infant hematological parameters), and
for other noncollinear variables found to be associated with
P < .2 in bivariate analysis. We also adjusted for parity in
order to account for correlations between infants born to the
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Table 1. Characteristics of Human Immunodeficiency Virus (HIV)-Uninfected Neonates Born to HIV-1-Infected Mothers, According to
Maternal CD4 Cell Count

Maternal CD4 Cell Count (cells/mm?®)

>500 350-499 <350
(N =3353) (N =2155) (N=2130)
Characteristic % (n) % (n) % (n) P Value®
Maternal geographical origin <.01
Other 35.8 (1181) 26.8 (569) 25.1 (633)
Sub-Saharan Africa 64.2 (2121) 73.2 (1553) 74.9 (1587)
Missing 51 33 10
Maternal drug use during pregnancy .02
(except cannabis)
No 99.7 (3306) 99.5 (2123) 99.1 (2092)
Yes 0.3 (11) 0.5 (10) 0.9 (19)
Missing 36 22 19
Maternal HIV stage <.01
AorB 93.8 (1690) 92.5 (1042) 86.8 (902)
C 6.2 (112) 7.5 (85) 13.2 (137)
Missing 15651 1028 1091
Maternal viral load during pregnancy <.01
<400 cp/mL 90.0 (2952) 89.6 (1894) 81.8 (1707)
400-9999 cp/mL 8.7 (286) 8.1(171) 11.9 (249)
>10000 cp/mL 1.3 (42) 2.3 (48) 6.3 (131)
Missing 73 42 43
First maternal antiretroviral during pregnancy <.01
cART on conception 35.5 (11563) 41.0 (859) 40.9 (847)
cART initiated during pregnancy 48.0 (1559) 46.7 (977) 51.4 (1065)
NRTI mono-/bi-therapy 16.5 (536) 12.3 (257) 7.7 (161)
Missing 105 62 57
Last maternal ART during pregnancy <.01
cART 84.8 (2810) 89.4 (1906) 94.3 (1982)
NRTI mono/bi-therapy 15.2 (502) 10.6 (227) 5.7 (120)
Missing 41 22 28
Mode of delivery <.01
Vaginal 46.3 (1437) 39.5 (785) 34.9 (690)
Emergency cesarean section 19.8 (614) 22.6 (449) 25.0 (496)
Planned cesarean section 33.9 (1051) 37.9 (752) 40.1 (793)
Missing 251 169 151
Premature delivery (<37 gestational weeks) 24
No 86.3 (2895) 86.5 (1863) 84.9 (1808)
Yes 13.7 (458) 13.5 (292) 15.1 (322)
Post-natal antiretroviral prophylaxis drug type <.01
No treatment 0.6 (15) 0.1 (2) 0.3 (5)
Zidovudine 92.0 (2566) 92.5 (1659) 88.0 (1581)
Zidovudine + Lamivudine 4.3 (121) 3.9 (71) 6.3 (114)
Combination ART 2.3 (65) 2.7 (48) 4.0 (72)
Other 0.8 (23) 0.8 (14) 1.4 (25)
Missing 563 361 888
Neonatal anemia 25
>10 g/dL 98.8 (3048) 98.8 (1974) 98.3 (1929)
<10 g/dL 1.2 (38) 1.2 (24) 1.7 (34)
Missing 267 157 167
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Table 1 continued.

Maternal CD4 Cell Count (cells/mm?®)

>500 350-499 <350
(N =3353) (N =2155) (N=2130)
Characteristic % (n) % (n) % (n) P Value®
Neonatal neutropenia .53
>1000/mm? 98.2 (2919) 98.0 (1876) 97.8 (1827)
<1000/mm?® 1.8 (53) 2.0 (38) 2.2 (42)
Missing 381 241 261
Neonatal lymphopenia
>2000/mm? 92.6 (2276) 91.5 (1450) 92.3 (1439) 47
<2000/mm?® 7.4 (182) 8.5 (134) 7.7 (120)
Missing 895 571 571
Neonatal CD4 cell count 24
Normal (>35%) 98.6 (1651) 98.9 (1029) 98.0 (1005)
Low (<35%) 1.4 (24) 1.1(11) 2.0 (20)
Missing 1678 1115 1105
CD4 cell count at age 6 mo 27
Normal (>35%) 96.1 (1466) 95.0 (940) 94.9 (895)
Low (<35%) 3.9 (69) 5.0 (49) 5.1 (48)
Missing 1828 1166 1187
Follow-up duration .39
Lost to follow-up before 1 mo 0.1 (2) 0.0 (0) 0.1 (2)
Still followed after 1 mo 99.9 (3351) 100.0 (2155) 99.9 (2128)
Median (interquartile range) 365 (365; 365) 365 (365; 365) 365 (365; 365)

Part of the France REcherche Nord&Sud Sida-HIV Hepatites CO1/C0O11; 2002-2010.
Abbreviations: ART, antiretroviral therapy; cART, combination antiretroviral therapy; cp, copies; HIV, human immunodeficiency virus; NRTI, nucleoside reverse

transcriptase inhibitor.
3 Statistical test used: 2 test.

same mother. In the main analysis, we did not adjust for neo-
natal neutropenia or lymphopenia, including neonatal CD4, as
these are potentially intermediate factors on the pathway be-
tween maternal immunity and infection risk. Sensitivity analy-
ses were performed to check the robustness of results of the
main analysis (see “Results” section).

SAS statistical software (version 9.3; SAS Institute Inc., Cary,
NC) was used for analyses; Proc FREQ was used for xz and Fisher
tests; Proc LIFETEST was used for Kaplan-Meier survival curves;
and Proc PHREG was used for Cox proportional hazard ratios
models. The cutoff for statistical significance was P <.05.

RESULTS

Population

Between January 2002 and December 2010, 7638 infants born
to 5871 HIV-1-infected mothers were included in the analysis.
Most (88.1%; n = 6729) were followed up for at least 365 days.
Fourteen percent (n=1072) of neonates were premature (<37
gestational weeks [GW]), including 154 who were severely

premature (between 28 and 32 GW); maternal CD4 count
was not associated with prematurity. Maternal CD4 count was
>500/mm?® for 43.9% (n = 3353) of these neonates, between 350
and 499/mm® for 28.2% (n =2155), and <350/mm” for 27.9%
(n =2130); the median infant follow-up durations were similar
in these 3 subgroups (Table 1). Low maternal CD4 count was
significantly more frequent among women originating from
sub-Saharan Africa, those who were active drug users, and
those who delivered with higher maternal viral load or by cae-
sarean section than among other women. CD4 count was also
significantly lower among women receiving combination ART
(cART) than those receiving mono or dual nucleoside reverse
transcriptase inhibitors (NRTIs).

Frequency and Description of Serious Infection in Infants

Of the 7638 HEU infants, 699 experienced at least 1 serious in-
fection (as the main reason for hospitalization or death) during
their first year of life; there were 813 serious infections (1 to 5
per patient, mean 1.2). Of the 699 first serious infections, 59.5%
were classified as viral (54 proven, 362 probable), 22.8% as
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bacterial (60 proven, 99 probable), 1.1% as fungal or parasitic (5
proven, 3 probable), and 16.6% (n=116) as undetermined
(causative agent unknown or missing data, insufficient clinical
data, or no consensual interpretation of the data available). The
systems involved and infectious agents isolated are described in
Supplementary Table 1. Twenty-nine percent (46/159) were
lower respiratory tract infections (LRTI) (Table 2), with 24.5%
(n=39) being pneumonia. One opportunistic infection, that is,
pneumocystis (confirmed by bronchioloalveolary lavage as “few
cysts in lavage fluid”), was recorded in a 3-month-old infant
born preterm (32 GW). An encapsulated germ was formally
identified for 56.7% (34/60) of these confirmed bacterial infec-
tions. There were 3 deaths associated with infection—severe
diarrhea with major dehydration, viral pericarditis, and respira-
tory failure associated with viral pneumonitis in a child with in-
fantile spinal muscular atrophy.

The Kaplan-Meier probability of developing a serious infec-
tion during the first year of life was 9.3% (95% confidence inter-
val, 8.7%; 10.0%), corresponding to an incidence of 10.1 per 100
person-years and stable throughout the study. The Kaplan-Meier
probability at 1 year of life was 5.7% (5.2%; 6.3%) for viral in-
fection, 2.2% (1.9%; 2.6%) for bacterial infection, 0.1% (0.1;
0.2%) for fungal or parasitic infection, and 1.6% (1.3%; 1.9%)
for undetermined infections.

Relationships Between Maternal CD4 Count and Serious Infection
in Infants: Bivariate and Multivariate Analysis

Maternal CD4 count was not significantly associated with the
overall incidence of serious infections (log-rank P =.59). How-
ever, there was a specific association between maternal CD4
count and serious, proven, or probable bacterial infection
(P =.04; Table 3) but not serious viral (P=.76), fungal or

Table 2. Description of the First Occurrence of Serious Infection, Defined as the Reason for Hospitalization or Cause of Death, in Human
Immunodeficiency Virus (HIV)-Uninfected Infants Born to HIV-1-Infected Mothers

Bacterial Viral Fungal or Parasitic Undetermined
Characteristics 22.8% (n=159) 59.56% (n=416) 1.1% (n=8) 16.6% (n=116) P Value®
Organ <.01
Renal and urinary system 44.0 (70) 0.0 (0) 0.0 (0) 2.6 (3)
Bronchopulmonary 29.0 (46) 54.8 (228) 12.5 (1) 7.7 (9)
Maternofetal infection 6.9 (11) 0.5(2) 0.0 (0) 50.9 (59)
Skin and mucous membranes 6.3 (10) 1.0 (4) 37.5 (3) 0.0 (0)
Septicemia or septicemia-like symptoms 5.0 (8) 0.0 (0) 37.5(3) 2.6 (3)
Central nervous system 3.8 (6) 2.4 (10) 12.5 (1) 3.4 (4)
Ear, nose, and throat 3.1(5) 5.7 (24) 0.0 (0) 6.0 (7)
Gastrointestinal 1.3 (2) 29.6 (123) 0.0 (0) 2.6 (3)
Isolated fever 0.0 (0) 5.5 (23) 0.0 (0) 23.3 (27)
Miscellaneous 0.6 (1)* 0.5 (2)f 0.0 (0) 0.9 (1)*
Age at onset <.01
0-7d 5.7 (9) 1.7 (7) 12.5 (1) 48.3 (56)
8-28d 13.2 (21) 10.1 (42) 37.5(3) 10.3 (12)
29-180d 64.8 (103) 66.1 (275) 25.0 (2) 36.2 (42)
181-365d 16.3 (26) 22.1 (92) 25.0 (2) 5.2 (6)
Median (interquartile range) 79 (41; 147) 96 (45; 169) 48 (14; 136) 11 (1; 68)
Premature delivery (<37 gestational weeks) 19
No 81.8 (130) 78.8 (328) 87.5 (7) 71.6 (83)
Yes 18.2 (29) 21.2 (88) 12.5 (1) 28.4 (33)
Maternal CD4 cell count during pregnancy 11
>500/mm? 35.8 (57) 44.5 (18b) 25.0 (2) 47.4 (55)
350-499/mm? 27.7 (44) 29.3 (122) 37.5(3) 21.6 (25)
<350/mm? 36.5 (58) 26.2 (109) 37.5(3) 31.0 (36)
Maternal viral load during pregnancy .32
<400 cp/mL 91.0 (142) 88.8 (365) 87.5(7) 86.2 (100)
400-9999 cp/mL 6.4 (10) 7.1 (29) 12.5 (1) 6.0 (7)
>10000 cp/mL 2.6 (4) 4.1 (17) 0(0) 7.8 (9)
Missing 3 B 0 0

Part of the France REcherche Nord&Sud Sida-HIV Hepatites CO1/CO11; 2002-2010. Serious infections included ~, 1 arthritis; T, pericarditis; ¥, 1 bone pain.

@ Statistical test used: Fisher test.
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Table 3. Crude Associations Between Maternal CD4 Cell Count and Serious Infection, in Human Immunodeficiency Virus (HIV)-
Uninfected Infants Born to HIV-1-infected Mothers, According to Type of Infection

Maternal CD4 Cell Count

<350/mm? 350-499/mm? >500/mm?
N =3353 N =2155 N=2130
n cHR  (95% Cl) n cHR  (95% Cl) n P Value®
All infections 206 1.1 (.9-1.3) 194 1.0 (.8-1.2) 299 Ref .60
Bacterial infections
All 538 1.6 (1.1-2.3) 44 1.2 (.8-1.8) 57  Ref .04
Among infants born to sub-Saharan mothers 51 1.7 (1.1-2.5) 33 1.1 (.7-1.7) 41 Ref .04
According to clinical type
Bacterial pneumonia 18 20 (1.0-4.1) 7 08 (.3-1.9) 14 Ref .04
Pyelonephritis 24 1.3 (.8-2.2) 17 09 (.6-1.7) 29 Ref 46
According to age at occurrence 21°
0-27d 5 08 (.3-2.3) 15 23 (1.0-5.2) 10 Ref .04
28-89d 20 1.5 (.8-2.8) 18 1.3 (.7-2.5) 21 Ref A1
90-365d 33 20 (1.2-34) 11 0.7 (.3-1.3) 26 Ref <.01
According to confirmed microbiological type
Encapsulated bacteria® 12 27 (1.1-6.9) 15 33 (1.4-8.2) 7  Ref .03
Nonencapsulated bacteria® 7 11 (.4-2.9) 1 1.7 (.7-4.0) 10  Ref 43
Fungal or parasitic
All 3 2.4 (.4-14.1) 3 2.3 (.4-13.9) 2  Ref .58
Among infants born to sub-Saharan mothers 1 1.3 (.1-20.8) 3 41 (.4-38.5) 1  Ref .38
Viral infections
All 109 0.9 (.7-1.2) 122 1.0 (.8-1.3) 185  Ref .76
Among infants born to sub-Saharan mothers 84 0.9 (.7-1.1) 102 11 (.8-1.4) 129  Ref .33
Respiratory (bronchiolitis, rhinitis) 64 1.1 (.8-1.5) 68 1.2 (.9-1.6) 90 Ref .68
Gastroenteritis 27 08 (.6-1.2) 39 11 (.7-1.6) 57  Ref .35
Undetermined
All 36 1.0 (.7-1.6) 25 0.7 (.4-1.1) 55  Ref .28
Among infants born to sub-Saharan mothers 29 1.1 (.7-1.8) 20 0.8 (.6-1.4) 35 Ref 48
Maternofetal infection suspected or with unknown germ 20 11 (.6-1.9) 9 05 (.2-1.0) 30 Ref .09

Part of the France REcherche Nord&Sud Sida-HIV Hepatites CO1/CO11; 2002-2010.
Abbreviations: cHR, crude hazard ratio; Cl, confidence interval; Ref, reference.

@ Statistical test used: bivariate proportional hazards survival Cox models.

® Interaction between maternal CD4 cell count and follow-up time was computed with the time being coded as the log of time centered about its mean.

¢ Staphylococcus pneumoniae, Haemophilus, S. agalactiae, and B. pertussis.
d Escherichia coli, Staphylococcus, Clostridium, Klebsiella, and Salmonella.

parasitic (P =.58), or undetermined (P =.28) infections, sug-
gesting that the absence of microbiological identification was
not likely to be a differential bias (Figure 2). The association be-
tween lower maternal CD4 count and higher risk of serious bac-
terial infection remained constant (but tended to increase)
during the first year of life; the interaction between maternal
CD4 count and follow-up time was not significant (P =.21;
Table 3).

We studied the association between maternal CD4 cell count
and bacterial infection of the infant by stratifying for site of in-
fection and type of microorganism. Maternal CD4 count was

associated with LRTI but not with urogenital bacterial infection
(P =.04 and .46, respectively) and with infections due to encap-
sulated bacteria (Haemophilus, Streptococcus, and Bordetella;
P =.03) but not with those due to gram-negative enterobacteria
(P= .43).

Infants excluded because of missing maternal CD4 values
tended to have profiles (for the main covariates) similar to
those of infants with known maternal CD4, and their overall
risk of serious infections was not different (P =.59, data not
shown). We found no evidence of a specific association between
serious bacterial or viral infections and the type of treatment
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Figure 2. Kaplan—Meier probability estimates of serious infections in human immunodeficiency virus (HIV)}-uninfected infants born to HIV-1—infected
mothers, according to microbiological type of infection® and to maternal CD4 cell count (France REcherche Nord&Sud Sida-HIV Hepatites CO1/C011 2002—
2011). *The event was the first occurrence of a serious infection during the first year of life, the various types being considered as competing events.
Association with each type of infection was studied separately, follow-up being censored at 12 months, at the time of loss to follow-up, or at the time
of any other kind of first serious infection. Blood or local samples were used for microbiological identification of the causes of serious infections, according
to clinical recommendations. No biological analyses were conducted specifically for this study. Abbreviations: cHR, crude hazard ratio; Cl, confidence

interval.

received by mothers—mono- and bi-therapies vs cART, nor
zidovudine vs other NRTI-based combinations.

After adjustment in the multivariate Cox model (Tables 4
and 5), the maternal CD4 count remained associated with seri-
ous bacterial infections but not with viral infections. In partic-
ular, the risk of serious bacterial infection was significantly
higher for infants of mothers with the lowest rather than the
highest CD4 counts—aHR =1.7 (1.2; 2.6) for CD4 <350/mm?>
and aHR = 1.2 (0.8; 1.9) for CD4 = 350-499/mm?; P =.03.
Also, bacterial infection remained associated with sub-Saharan
maternal origin, vaginal delivery, prematurity, male gender,
being small for gestational age, and neonatal anemia. Viral in-
fection was independently associated with sub-Saharan mater-
nal origin, multiparity, prematurity, fetal cardiac rhythm
abnormalities, and male gender. More economical models
gave similar results.

Maternal CD4 count was not associated with any of the fol-
lowing variables: neonatal anemia, neutropenia, lymphopenia,
and low CD4 cell count at birth or at age 6 months, either before
(Table 1) or after adjustment for maternal geographical origin.
There was no interaction between maternal CD4 count and ges-
tational age at delivery for the risk of bacterial infection (hetero-
geneity test P =.50, data not shown). The infant’s CD4 cell
count at birth was not associated with risk of serious infection
(whether bacterial, viral, fungal or parasitic, undetermined, or
any; data not shown).

Sensitivity Analysis

The relationship between maternal CD4 count and bacterial in-
fection was not changed by restricting the analysis to term-born
infants (overall P=.02) or excluding the 206 infants born to
mothers with last maternal CD4 count measured more than
90 days before delivery (P =.03). The relationship between

maternal CD4 count and serious bacterial and viral infections
remained unchanged by restricting the analysis to the infants
born to sub-Saharan mothers (P =.04 and .33, respectively).
In the main analysis, we dichotomized the 699 first serious
infections into 4 types, considered as competing events for pro-
portional hazards Cox modeling (159 bacterial, 416 viral, 8 fun-
gal or parasitic, and 116 undetermined); subsequent serious
infections were not included. However, 13 of the 540 infants
who had a viral, fungal or parasitic, or undetermined first seri-
ous infection subsequently developed a serious bacterial infec-
tion. Inversely, a serious viral infection subsequently developed
in 17 of the 283 infants who had other types of first serious in-
fection. We performed a secondary survival analysis with the
first occurrence of each type of infection as the events, ignoring
previous history of other types of infection. The results were
consistent; serious bacterial infections (aHR = 1.8 [1.2; 2.7] for
CD4 < 350/mm> and aHR = 1.4 [0.9; 2.0] for CD4 = 350-499/
mm?; P=.01) but not viral infections (0.8 [0.6; 1.0] and 1.0
[0.8; 1.2]; P =.18) were associated with maternal CD4 values.

DISCUSSION

We report that the risk of serious bacterial infections among
HEU infants during the first year of life is inversely associated
with maternal CD4 values during pregnancy. This susceptibility
to bacterial infection appears to involve mostly LRTI and infec-
tions with encapsulated pathogens, including Haemophilus in-
fluenzae and Streptococcus pneumonia. The risk is not limited
to the neonatal period and seems to remain stable during the
first year of life. In sharp contrast, there was no association be-
tween maternal CD4 count and the risk of viral infection. This is
the first such study in an industrialized country. The findings
suggest that, even in a context of easy and free access to
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Table 4. Multivariate Analysis of the Relationships Between Maternal CD4 Cell Count and Serious Bacterial or Viral Infections in Human
Immunodeficiency Virus (HIV)-Uninfected Infants Born to HIV-1-Infected Mothers

Serious Bacterial Infection

Serious Viral Infection

Bivariate (N = 7638)

Multivariate (N = 6206)

Bivariate (N = 7638)

Multivariate (N = 6206)

cHR adjHR cHR adjHR
N (95% Cl) P Value® (95% ClI) P Value® (95% ClI) P Value (95% ClI) P Value®
Maternal CD4 cell count
>500/mm?® 3353 1 04 1 03 1 765 1 20
350-499/mm?® 2155 1.2 (.8-1.8) 1.2 (.8-1.9) 1.0 (.8-1.3) 0.9 (.7-1.2)
<350/mm? 2130 1.7 (1.1-2.3) 1.7 (1.2-2.6) 0.9 (.7-1.2) 0.8 (.6-1.0)
Year of birth
2002-2004 2485 1 1 1 .35 1 .57 1 .82
2005-2007 2606  1.3(1.0-2.3) 1.3 (.8-2.0) 1.1(9-1.4) 0.9(.7-1.2)
2008-2010 2647 1.0 (.9-2.1) 1.0 (.6-1.6) 1.1(.9-1.4) 0.9(.7-1.2)
Sub-Saharan maternal origin
No 2283 1 <.01 1 .05 1 <.01 1 .02
Yes 5261 1.5(1.2-2.6) 1.5 (1.0-2.4) 1.4 (1.1-1.8) 1.4 (1.1-1.8)
Maternal parity
Nulliparous 2684 1 .51 1 .34 1 <.01 1 <.01
1 2244 1.3 (.9-1.9) 1.3 (.9-2.0) 1.3(1.0-1.7) 1.3(1.0-1.7)
2 1437 1.0(6-1.7) 0.9 (.5-1.5) 1.5(1.2-2.0) 1.6 (1.2-2.2)
3 1243 1.1 (.7-1.7) 1.0 (.6-1.6) 1.6 (1.2-2.2) 1.7 (1.2-2.3)
Last antiretrovirals during pregnancy
Mono-/bi-therapy 849 1 .01 1 .09 1 .37 1 .70
cART 6698 2.5 (1.2-5.1) 2.0 (.9-4.6) 1.2 (.8-1.6) 1.1 (.7-1.6)
Type of nucleoside analogue
Other 1868 1 44 1 .62 1 .62 1 .30
Zidovudine 5679 1.1 (.8-1.7) 1.1(7-1.7) 1.1(.8-1.3) 1.1 (.9-1.5)
Maternal viral load near delivery
<400 cp/mL 6553 1 40 1 .89 1 .08 1 12
400-9999 cp/mL 706 0.6 (.3-1.2) 1.0 (.5-2.0) 0.7 (.5-1.1) 0.7 (5-1.1)
>10000 cp/mL 221 0.9(.3-2.3) 0.8 (.2-2.4) 1.4 (9-2.3) 1.4 (.8-2.5)
Mode of delivery
Vaginal 2912 1 .06 1 .01 1 15 1 46
Emergency cesarean section 1559 0.6 (.4-1.0) 0.5 (.3-.8) 1.3(1.0-1.7) 1.1 (.9-1.5)
Planned cesarean section 2596 0.7 (.6-1.0) 0.7 (5-1.0) 1.1(9-1.4) 1.2 (9-1.5)
Prematurity
No (>37 GW) 6566 1 .10 1 .03 1 <.01 1 <.01
Yes (<37 GW) 1072 1.4 (9-2.1) 1.6 (1.0-2.6) 1.7 (1.3-2.2) 1.9 (1.4-2.4)
Gender of neonate
Male 3852 1 <.01 1 <.01 1 .03 1 .04
Female 3711 0.6 (4-8) 0.5(.3-7) 0.8 (.7-1.0) 0.8 (.7-1.0)
Abnormal fetal cardiac rhythm
No 7096 1 15 1 7 1 <.01 1 <.01
Yes 390 1.5(.9-2.8) 1.4 (.8-2.7) 1.7 (1.2-2.4) 1.7 (1.1-2.4)
Neonate small for gestational age
No (> to 2 SD) 7196 1 <.01 1 <.01 1 15 1 1
Yes (< to 2 SD) 359 2.6(1.6-4.3) 3.0 (1.8-5.1) 1.3 (.9-2.0) 1.4(9-2.2)
Neonatal anemia
>10 g/dL 6951 1 .03 1 .03 1 .66 1 A2
<10 g/dL 96 2.6 (1.1-6.4) 2.7 (1.1-6.8) 0.8 (.3-2.1) 0.3 ((1-1.3)

Part of the France REcherche Nord&Sud Sida-HIV Hepatites CO1/CO11; 2002-2010. Variables included in multivariate models.
Abbreviations: adjHR, adjusted hazard ratio; cART, combination antiretroviral therapy; cHR, crude hazard ratio; Cl, confidence interval; cp, copies; GW, gestational

weeks; SD, standard deviation.

@ Statistical test used: proportional hazards survival Cox models.
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Table 5. Bivariate Analysis of the Relationships Between Maternal CD4 Cell Count and Serious Bacterial or Viral Infections in Human
Immunodeficiency Virus (HIV)-Uninfected Infants Born to HIV-1-Infected Mothers

Serious Bacterial Infection Serious Viral Infection
Bivariate Analysis Bivariate Analysis
N cHR (95% Cl) P Value® cHR (95% Cl) P Value®
Maternal age*
<25y 711 1 .87 1 .78
25-29y 1839 1.1 (.6-2.0) 1.0 (.7-1.5)
30-34y 2518 1.1 (.6-2.0) 0.9 (.7-1.3)
>35y 2561 1.2 (.7-2.2) 0.9 (.6-1.3)
Multiple pregnancy*
No 7320 1 .52 1 24
Twins or triplets 315 0.7 (.3-1.8) 1.3 (.8-2.0)
ARV on conception*""
No 4464 1 .76 1 .78
Yes 3020 1.0 (.7-1.3) 1.0 (.8-1.2)
First maternal antiretroviral during pregnancy
NRTI mono-/bi-therapy 954 1 04" 1 B5*
cART on conception 2859 2.1(1.1;4.2) 1.1(.8;1.6)
cART initiated during pregnancy 3601 2.4 (1.2;4.5) 1.2 (91.6)
HIV diagnosed before pregnancy*
No 1705 1 .67 1 .26
Yes 5904 0.9 (.6-1.3) 1.1 (.9-1.5)
Gestational age at booking*
<14 GW 3057 1 27 1 .24
14-27 GW 3023 0.8 (.5-1.1) 1.2 (1.0-1.5)
>28 GW 619 1.0 (.6-1.7) 1.0 (.7-1.5)
Neonatal leucopenia®®
No (>4000/mm? 5827 1 27 1 <.01
Yes (<4000/mm?) 74 1.9 (.6-6.0) 2.5(1.3-4.7)
Neonatal neutropenia®®
No (>1000/mm?) 6622 1 .07 1 32
Yes (<1000/mm?) 133 2.1 (.9-4.8) 1.4 (.7-2.6)
Neonatal lymphopenia®®
No (>2000/mm?) 5165 1 .02 1 41
Yes (<2000/mm?®) 436 1.8 (1.1-3.1) 1.2 (8-1.7)
Neonatal thrombopenia*
No (>100 G/L) 6916 1 .97 1 .28
Yes (<100 G/L) 73 (Not available) 1.6 (.7-3.5)
Neonatal CD4*®
Normal (>35%) 3685 1 .59 1 .56
Low (< 35%) B5 1.5 (.4-6.0) 0.7 (.2-2.6)

Part of the France REcherche Nord&Sud Sida-HIV Hepatites CO1/CO11; 2002-2010.

Variables not included in multivariate models. Reason for exclusion from the multivariable model included the following: *, not associated; ', collinear with other
variables included; ¥, on the causal pathway; or ®, with too many missing values. Birth weight Z-scores, adjusted for gestational age at delivery and sex, were
established using French standards, calculated from French Association of Users of Computerized Medical Records in Paediatrics, Obstetrics and Gynaecology
Sentinel Network, Association des Utilisateurs de Dossiers Informatisés en Pédiatrie Obstétrique et Gynécologie. AUDIPOG (available at: http://www.audipog.
net/). An infant was considered to be small for gestational age if the birthweight Z-score was more than 2 standard deviations below the mean, consistent with
international recommendations.

Abbreviations: ARV, antiretroviral drugs; cART, combination antiretroviral therapy; cHR, crude hazard ratio; Cl, confidence interval; GW, gestational weeks; HIV,
human immunodeficiency virus; NRTI, nucleoside reverse transcriptase inhibitor.

@ Statistical test used: proportional hazards survival Cox models.
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healthcare, the relationship between maternal immunity and
early pediatric infectious morbidity reported in low- or mid-
dle-income countries is a generalized phenomenon [2, 8, 9].

Our study has several strengths. We considered only infections
that led to hospitalization or death, which minimized reporting
heterogeneity and limited diagnosis errors and undetermined
types. The association with degree of maternal immune suppres-
sion was strong for undoubtedly bacterial pneumonia and for
infections involving encapsulated bacteria; however, it was
not significant for pyelonephritis likely to be associated with
gram-negative enterobacteria. Despite the larger number of viral
infections compared with bacterial infections, thus with greater
statistical power, no association could be detected between ma-
ternal CD4 count and gastroenteritis or bronchiolitis, undoubt-
edly of viral origin, or viral infections in general. The results
were robust; they were largely unaffected in sensitivity survival
analysis based on the first occurrence of each type of infection
rather than the first occurrence of any serious infection primar-
ily dichotomized into 4 types as competing events.

The association between low maternal CD4 count and neo-
natal bacterial infection was both specific and independent of
potential confounding factors after adjustment in multivariate
analysis. The sub-Saharan maternal origin, preterm delivery,
being small for gestational age, vaginal delivery, male gender,
and neonatal anemia remained significantly associated. Mater-
nal origin, preterm delivery, and male gender were associated
with both serious bacterial and serious viral infections, whereas
high parity was associated only with serious viral infection, pos-
sibly due to the increased risk of viral contamination from other
infants (brothers and sisters) in the home [9]. The association
between bacterial infection and vaginal delivery may reflect ob-
stetric factors that were not controlled for in this analysis.
Healthcare is free for all pregnant women and infants (up to
age 2 years) in France. We showed previously that more African
immigrants than French-born women underwent HIV screen-
ing late in their pregnancies, but that access to mother-to-child
transmission of HIV prevention, once the infection was diag-
nosed, is similar for the 2 groups [39]. These observations sug-
gest that the association with serious bacterial infections is not
solely due to differential access to care according to maternal
geographical origin.

Our analysis provides strong evidence for a relationship be-
tween low maternal CD4 count and serious bacterial infections
of the lung. Infections with encapsulated bacteria are clearly
suggestive of weakened humoral immunity. The absence of as-
sociation with viral infections suggests that cellular immunity is
not clinically affected. Because the relationship remained signif-
icant in sensitivity analyses after adjustment for infant CD4 val-
ues, the association cannot be explained by a direct effect on
newborn CD4 cell counts. The apparent humoral immune de-
fect could be due to an altered mother-to-child IgG transfer

through the placenta, as described previously [25], or to intrin-
sic humoral deficiency. In a well-designed study, the production
of specific antibodies after immunization was normal or even
higher in HEU infants than in control infants [25]. Although
most events occurred during the first 3 months of life, the asso-
ciation with maternal CD4 count continued beyond the neona-
tal period and throughout the first year of life. The duration of
protection by maternal antibodies has not been clearly estab-
lished. The half-life of IgG is around 20 days, and the protective
effect of such antibodies in infants is likely to last for several
half-lives. Infectious morbidity in infants born to hypo- or
agammaglobulinemic mothers, and before the child can devel-
op effective humoral immunity, is well known but has never
been rigorously described before the use of intravenous immu-
noglobulins. By contrast, the Bruton disease model is informa-
tive and well described [40]. Boys with this congenital X-linked
disease are unable to produce antibodies and are agammaglob-
ulinemic; the first infection rarely occurs before age 6 months
and most patients present their first infection at age 6-12
months, clearly showing that maternal antibodies are protective
until approximately this age.

The infectious-related mortality rate in France is low but may
well be higher in low-resource settings and countries.

Prolonged antibacterial prophylaxis during infancy and/or
maternal immunization against pneumococcus and haemophi-
lus infection could be proposed during pregnancy. Early immu-
nization for such infants may also be beneficial.
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APPENDIX
ANRS EPF-CO1/CO11 Study Group

Currently Active Contributors to ANRS-EPF

Assistance Publique - Hopitaux de Paris (APHP) Hopital
Louis Mourier, Colombes, France (Laurent Mandelbrot, Cath-
erine Crenn-Hebert, Corinne Floch-Tudal, Fabienne Mazy, Ma-
rine Joras, Francoise Meier, Emmanuel Mortier); APHP
Hopital Beaujon, Clichy, France (Pierre-Frangois Ceccaldi,
Maia Banige, Agnes Villemant Uludag, Virginie Zarouk,
Agnes Lefort); Hopital Sainte Musse, Toulon, France (Gilles
Hittinger, Jean-Marc Chamouilli, Christian Burle, Alain La-
feuillade); Centre Hospitalier (CH) Marechal Joffre, Perpignan,
France (Marie Medus, Germaine Bachelard); Centre Hospitalo-
Universitaire (CHU) Caremeau, Nimes, France (Joélle Den-
dale-Nguyen); CH les Oudairies, La Roche sur Yon, France
(Thomas Guimard, Karine Guimard, Jean-Pierre Brossier, Phi-
lippe Perré, Jean-Luc Esnault, Olivier Bollengier Stragier, So-
phie Leautez-Nainville); Centre Hospitalier William Morey,
Chalon sur Saone, France (Sandrine-Anne Martha, Benoit Mar-
tha, Elise Maurel, Michel Francoise, Muriel Barat, Patricia
Murger); Centre Hospitalier, Vernon, France (Mahfoud
Rouha, Philippe Lumbroso, Alain Checoury); Centre Hospital-
ier Intercommunal de Cornouaille, Quimper, France (Pascale
Perfezou, Gilles Blondin); Centre Hospitalier Universitaire,
Brest, France (Séverine Ansart, Luc De Saint Martin, Philippe
Le Moine); Centre Hospitalier, St Brieuc, France (Corinne Dan-
iel, Christian Calvez, Emmanuelle Boutard); Centre Hospitalier
Universitaire, Rennes, France (Cédric Arvieux, Estelle Bauville,
Christelle Dupre); Centre Hospitalier Bretagne Atlantique,
Vannes, France (Yves Poinsignon, Anne Grelier, Gaetane
Mousset, Corinne Cudeville); Centre Hospitalier de Bretagne
Sud, Lorient, France (Mathilde Niault, Isabelle Belzic, Philippe
Moreau, Marie-Frangoise Le Coz, Odile Luycx Vaillant); Centre
Hospitalier de la région d’Annecy, Annecy, France (Virginie Vi-
trat, Didier Tardif, Jacques Gaillat, Anne Vanderbergh, Suzanne
Braig); Centre Hospitalier Intercommunal, Montfermeil,
France (Marion Dehlinger-Paul, Khaled Mohamed); Centre
Hospitalier Intercommunal, Montreuil, France (Brigitte Hel-
ler-Roussin, Cécile Winter); APHP Hépital Cochin-Port
Royal, Paris, France (Ghislaine Firtion, Emmanuelle Pannier,
Myriam Costa, Odile Launay, Dominique Salmon Ceron);
APHP Hopital Bichat, Paris, France (Sophie Matheron, Mando-
vi Rajguru, Neila Elaoun, Lahcene Allal, Elie Azria, Agnés Bour-
geois Moine); Centre Hospitalier Intercommunal, Créteil,
France (Valérie Garrait, Isabelle Hau, Claudine Touboul,
Lanto Ratsimbazafy, Christiane Kommé, Brigitte Elharrar); H6-
pital de la Croix Rousse, Lyon, France (Jean-Marc Labaune,
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Laurent Cotte, René-Charles Rudigoz); Centre Hospitalier Pel-
legrin, Bordeaux, France (Christophe Elleau, Camille Runel-
Belliard, Thierry Pistone); CHU Les Abymes, Pointe a Pitre, France
(Blandine Muanza, Elisabeth Broustal); Centre Hospitalier
Général, Creil, France (Marc Duval-Arnould, Bénédicte Car-
pentier, Etienne Dienga); Hopital de Haute Pierre, Strasbourg,
France (MariaLuisa Partisani, Natacha Entz-Werle, Eric David,
David Rey); Centre Hospitalier Général, Longjumeau, France
(Hervé Seaume, Sarah Ducrocq, Philippe Bailly-Salin); Hopital
Paule de Viguier, Toulouse, France (Joélle Tricoire, Alain
Berrebi); Centre Hospitalier de la Cote Basque, Bayonne, France
(Claudine Cayla); Centre hospitalier intercommunal, Ville-
neuve St Georges, France (Anne Chacé, Isabelle Metheron);
Centre Hospitalier Intercommunal, Poissy Saint Germain en
Laye, France (Anne Boutemy, Didier Armangaud, Sophie Cou-
derc); Centre Hospitalier Général, Fontainebleau, France (Cor-
inne Routier, Alain Alissa); Centre Hospitalier Robert
Ballanger, Aulnay, France (Elisabeth Questiaux, Ahmed Zaka-
ria, Héléne Dauphin, Céline Goissen, Marie Belloy, Jean-Luc
Delassus); Hopital Civil, Strasbourg, France (MariaLuisa Parti-
sani, Christine Cheneau, Jean-Marie Lang); Centre Hospitalier
Victor Dupouy, Argenteuil, France (Dominique Brault, Chris-
tine Allisy); APHP Hopital Tenon, Paris, France (Marie-Gis¢le
Lebrette, Lise Selleret, Francois Hervé); Centre Hospitalier Gé-
néral, Saint-Denis, France (Pascal Bolot, Marie-Aude Khuong-
Josses, Dieudoné Ekoukou, Stéphane Bounan); APHP Hopital
Necker, Paris, France (Stéphane Blanche, Delphine Lemercier,
Pierre Frange, Florence Veber, Alain Fisher); Centre Hospitalier
Sud Francilien, Evry Corbeil, France (Michele Granier, Alain
Devidas, Rose Nguyen, Adrien May, Amélie Chabrol, Pierre
Chevojon, Zaitoun Abdallah Moussa); Centre Médico-Chirur-
gical et Obstétrical, Schiltigheim, France; Centre Hospitalier Ré-
gional (CHR) American Memorial Hospital, Reims, France
(Claire Pluchart, Christine Rouger); APHP Groupe Hospitalier
Pitié Salpétriére, Paris, France (Roland Tubiana, Manuela Bon-
marchand, Luminata Shneider, Fabienne Caby, Ruxandra-Oana
Calin); Centre Hospitalier René Dubos, Pontoise, France (Anne
Coursol); APHP Hopital Béclére, Clamart, France (Véronique
Chambrin, Philippe Labrune, Laure Clech); Centre Hospitalier
Marc Jacquet, Melun, France (Isolde Pauly-Ravelly, Raghad
Moalim, Lydie Sanchez); Centre Hospitalier Général, Evreux,
France (Ama Johnson); APHP Hépital Jean Verdier, Bondy,
France (Eric Lachassine, Laurence Benoist, Vincent Jeantils,
Joel Gaudelus, Amélie Benbara, Anne Borgne); Centre Hospi-
talier de Meaux, Meaux, France (Leila Karaoui, Véronique Le-
fevre Elbert); CHU de I’'Archet, Nice, France (André Bongain,
Fabrice Monpoux, Anne Deville, Eliane Galiba); Centre Hospi-
talier Frangois Quesnay, Mantes La Jolie, France (Antoine Dou-
met); CHU Hopital Nord, Amiens, France (Jean-Luc Schmidt);
Hopital de la Conception, Marseille, France (Ludovic Cravello);

CHU de Brabois-Hopital des Adultes, Vandoeuvre les Nancy,
France (Claire Hubert); APHP Hopital Trousseau, Paris, France
(Catherine Dollfus, Francois Hervé, Marie-Dominique Tabone,
Mary-France Courcoux, Guy Leverger, Bruno Carbonne); Hopi-
tal Charles Nicolle, Rouen, France (Didier Pinquier, Brigitte Cla-
vier, Gaelle Pinto-Cardoso); APHP Hopital Robert Debré,
Paris, France (Albert Faye, Sophie Matheron, Martine Levine,
Erianna Bellaton Marouts, Constance Borie, Christine Boissi-
not); APHP Hopital de Bicétre, Le Kremlin-Bicétre, France
(Delphine Peretti, Corinne Fourcade); CHU Hépital Saint Jac-
ques, Besancon, France (Catherine Chirouze, Cécile Hafner
Mauvais); CHU de Nantes, Nantes, France (Véronique Reli-
quet, Cécile Brunet-Cartier, Norbert Winer, Edouard Vaucel);
CHU Hbépital du Bocage, Dijon, France (Claire Briandet);
CHU Hopital Clemenceau, Caen, France (Jacques Brouard);
Centre Hospitalier de Lagny, Lagny, France (Arnaud Chalvon
Demersay); Hopital André Mignot, Le Chesnay, France (Véro-
nique Hentgen, Fabienne Messaoudi); CHU de Tours, France
(Louis, Bernard, Zoha Maakroun, Pascale Nau); Institut d’Hé-
mato-Oncologie Pédiatrique, Lyon, France (Kamila Kebaili);
Hopital Nord, Saint Etienne, France (Kareen Billiemaz); Centre
Hospitalier Général, Bastia, France (Ramona Abrudan); Centre
Hospitalier Universitaire, Angers, France (Pascale Fialaire, Sté-
phanie Proust); CHR, Orléans, France (Philippe Arsac, Louis
Mesnard, Evelyne Werner); APHP Hoépital Lariboisiére, Paris,
France (Nicole Ciraru-Vigneron, Geneviéve Mouchnino, Dom-
inique Ayral); CHR Arnaud de Villeneuve, Montpellier, France
(Emmanuelle Vintejoux, Muriel Lalande, Jacques Reynes, Mi-
chel Segondy); Centre Hospitalier Général, Orsay, France
(Christiane De Gennes); Centre Hospitalier de Saint Martin,
St Martin, France (Cyril Clavel); CHR Jeanne de Flandres,
Lille, France (Fran¢oise Mazingue, Yamina Hammou); Centre
Hospitalier Dron, Tourcoing, France (Faiza Ajana); CHU -
Maison de la Femme et de ’Enfant, Fort de France, France
(Yves Hatchuel, Imad Nahri); CHU Dupuytren, Limoges, France
(Claire Genet, Sophie Ducroix-Roubert, Yves Aubrard, Anne
Constanty, Pierre Weinbreck); Hépital Intercommunal Sud
Léman Valserine, Saint Julien, France (Emilie Piet, Frangoise Jac-
quier); Centre Hospitalier Saint Nazaire Cité Sanitaire, Saint Na-
zaire, France (Christophe Michau, Hassan Safwan, Arnaud
Boutet); Groupe Hospitalier Saint Joseph, Paris, Centre Hospital-
ier Léon Binet, Provins (Mohamed Abdelhadi); Centre Hositalier
Andrée Rosemon, Cayenne (Narcisse Elenga); Hopital Calmette,
Lille, France.

Steering Commitee Members of ANRS-EPF

Stéphane Blanche, Sandrine Delmas, Catherine Dollfus, Albert
Faye, Jérome Le Chenadec, Laurent Mandelbrot, Anais Peril-
hou, Christine Rouzioux, Jeanne Sibiude, Jean-Paul Teglas, Ro-
land Tubiana, Josiane Warszawski.
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