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Objectives: Hypergammaglobulinemia and anomalies in the IgG subclass distribution are common in
HIV-infected individuals and persist even after many years of antiretroviral therapy (ART). The aim of this
study was to investigate the IgG profile and dynamics in pregnant HIV-infected Malawian women in the
Option B era.
Methods: Thirty-seven treatment-naive women received ART from the third trimester of pregnancy to 6
months post delivery (end of the breastfeeding period). ART continuation (group C) or interruption
- (group I) was then decided on the basis of the CD4+ cell count at enrolment (>350 or <350/ul). Total IgG
Keywords: . . . . .
HIV and IgG subclasses were determined in maternal serum using a nephelometric assay at baseline and at 6
Africa and 24 months postpartum.
Results: At enrolment, 36/37 women had IgG levels >15 g/l and there was a predominance of the IgG1
isotype (more than 90%) in parallel with underrepresentation of IgG2 (5.0%). After 6 months of ART, both
groups showed a significant median decrease in total IgG (—3.1 g/l in group I, —3.5 g/l in group C) and in
IgG1(—4.0g/land —3.6 g/, respectively), but only a modest recovery in IgG2 levels (+0.16 in group I, +0.14
g/l in group C). At month 24, hypergammaglobulinemia was still present in 73.7% of women in group C,
although a significant reduction was observed in total IgG level and in IgG1 and IgG3 subclasses (p
<0.0001 in all cases). IgG2 levels did not show any significant change. In group I at 24 months, total IgG
and IgG subclasses had returned to levels comparable to those at baseline.
Conclusions: The beneficial effects of 24 months of ART appear to be limited in the B-cell compartment,
with an incomplete reduction of total IgG levels and no recovery of IgG2 depletion. A short ART period did
not have significant effects on IgG abnormalities in women who interrupted treatment.
© 2019 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Introduction immune activation and the unbalanced production of proinflam-

matory cytokines, reflecting the T-cell dysfunction (De Milito et al.,

Anomalies in the B-cell compartment have been described in all
the phases of HIV infection, with hypergammaglobulinemia and
defects in memory B-cells being the two most consistent
observations (Pensieroso et al., 2013; Moir and Fauci, 2017). The
mechanisms inducing immunoglobulin dysregulation are only
partially known and are probably a consequence of systemic
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2004; Titanji et al., 2006; Moir and Fauci, 2008).

The beneficial effects of antiretroviral therapy (ART) in
reversing the immunological T-cell dysfunction are also extended
to the improvement of B-cell compartment disorders (Amu et al.,
2014), but there are contrasting results regarding the timing and
quality of this normalization. Although a reduction in the
hypergammaglobulinemia after ART initiation is widely described
(Notermans et al., 2001; Serpa et al., 2010), most of the studies have
reported the persistence of a chronic state of B-cell hyperactivation
(Regidor et al., 2011; Pogliaghi et al., 2015), consistent with the
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incomplete recovery of the immunological function observed in
the T-cell compartment.

Even after many years of ART, B-cell compartment anomalies
have been observed in aviremic patients (Chong et al., 2004;
d’Orsogna et al., 2007; Hu et al., 2015; Pogliaghi et al., 2015) with
IgG levels exceeding reference limits. In particular, the polyclonal
B-cell activation causes an unbalanced IgG subclass profile with
significant elevation of IgG1 and IgG3 levels and underrepresenta-
tion of the IgG2 isotype (Raux et al., 2000; McGowan et al., 2006).
The combination of these abnormalities in IgG levels and
distribution has been associated with a poor responsiveness to
vaccinations in adults and children (Cagigi et al., 2010) and to a
higher incidence of B-cell malignancies observed in HIV ART-
treated patients (Bohlius et al., 2009; Hentrich and Barta, 2016).

In HIV pregnancy, the dysregulation of B-cells, and in particular
maternal hypergammaglobulinemia, has a significant impact on
IgG transfer from mother to foetus (Palmeira et al., 2012), causing a
saturation of FcRN receptors, which have a key role in transpla-
cental passage (de Moraes-Pinto et al., 1998). A reduced IgG
concentration in the cord of neonates from mothers with IgG levels
of >15 g/l and inadequate levels of specific IgG of maternal origin
has been extensively reported in HIV-exposed infants (Cumber-
land et al., 2007; Babakhanyan et al., 2016).

In the last decade, ART administration to HIV-positive women
during pregnancy and the breastfeeding period has resulted in a
strong reduction in the rate of vertical transmission (Joint United
Nations HIV/AIDS Programme, 2017); this in turn has led to an
increasing rate of HIV-exposed uninfected (HEU) children, who
nevertheless have a significantly higher rate of morbidity and
mortality in the first years of life compared to their unexposed
counterparts (Brennan et al, 2016). Efforts made towards
understanding the higher vulnerability of HEU children are still
inconclusive.

In this context, a maternal IgG disorder can have a critical role
considering the importance of maternal immunological protection
during the first 6 months of life, when the humoral responses to
infections are mostly sustained by IgG of maternal origin (Simon
et al, 2015).

In this study involving Malawian HIV-positive pregnant women
in the Option B era, the aims were (1) to monitor the magnitude
and the timing of total IgG and IgG subclass normalization (if any)
after 24 months of ART, and (2) to determine the durability of the
beneficial effects of ART on plasma IgG levels and the distribution
of the subclasses in women who interrupted ART after 6 months
and were followed up to 24 months.

Materials and methods
Study population

This study forms part of a larger observational study (enrolment
during February 2008 to February 2009) aimed at assessing the
safety and efficacy of ART administration in Malawian HIV-positive
pregnant women (Safe Milk for African Children (SMAC) study)
(Giuliano et al., 2013). The study was conducted in Malawi
(Blantyre and Lilongwe sites) within the DREAM (Drug Resource
Enhancement against AIDS and Malnutrition) Program of the
Community of S. Egidio, an Italian faith-based non-governmental
organization.

In this study, treatment-naive HIV-infected pregnant women
started ART during pregnancy: in the presence of a CD4+ cell count
<350cells/pl, they received a combination of stavudine (30 mg
twice daily), lamivudine (150 mg twice daily), and nevirapine (200
mg twice daily) as soon as possible after the first trimester and
continued it indefinitely (group C, continuous therapy); or, in the
case of a CD4+ count >350/.l, they received zidovudine (300 mg

twice daily), lamivudine, and nevirapine from week 26 of gestation
until 6 months postpartum (group I, interruption of treatment).
Women were instructed to exclusively breastfeed up to 6 months.
After delivery, the mothers were visited monthly for clinical and
laboratory assessment up to 24 months postpartum. Haemato-
chemistry and viro-immunological analyses were performed at the
local DREAM laboratories in Malawi. Women were included in this
sub-study if they breastfed their infants for the scheduled 6
months and had plasma samples available at enrolment (before
ART) and at 6 and 24 months post delivery.

Plasma IgG levels and IgG subclasses

Maternal total IgG and subclass plasma levels were determined
using IgG total, IgG1, 1gG2, 1gG3, and IgG4 reagents (Siements;
Siemens Healthcare Diagnostics) and read by automated nephe-
lometry (BN ProSpec System Analyzer; Siemens Healthcare
Diagnostics).

Statistical analysis

IBM SPSS Statistics version 25.0 (IBM Corp., Armonk, NY, USA)
was used for the statistical analyses. Results are presented as the
median values with interquartile range (IQR) or percentages.
Differences were evaluated using the Chi-square test or Fisher’s
exact test, as appropriate, for categorical variables, and by Mann-
Whitney U-test for quantitative variables. Longitudinal differences
were detected using the Wilcoxon test, and Spearman’s correlation
coefficient was used for the correlation analysis between
quantitative variables. Differences were considered statistically
significant when p <0.05.

Ethical considerations

Ethical approval was obtained from the National Health
Research Committee in Malawi (approval number #486), and
informed consent was obtained from all individual participants
included in the study.

Results

The characteristics of the two groups of women (group I,
interruption of treatment, n=18; group C, continuous therapy,
n=19) are reported in Table 1. Group C women were older (p
=0.022), with higher HIV-RNA levels (p=0.020), and with a more
immunocompromised profile. The median time of ART during
pregnancy was 9.0 weeks, with a slight difference between the
groups (group I: 7.0 weeks, IQR 4.5-13.0 weeks; group C: 10 weeks,
IQR 8.0-15.0 weeks; p=0.051). After vaginal delivery, all women
continued the therapy for 6 the months of exclusive breastfeeding.

IgG levels and immunological parameters before ART initiation

At enrolment, the total IgG concentration was >15 g/l for all
but one woman, with median levels of 24.1 g/l in group I and
27.8¢g/l in group C, and no statistically significant difference
between the groups (p =0.221). The composition of IgG subclasses
showed a predominance of the IgG1 isotype, which accounted for
more than 90% in both groups, as well as an underrepresentation
of IgG2 (5.2%) (Table 1). Although no significant differences were
observed in IgG levels between the groups, a strong inverse
correlation was found between total IgG levels and the CD4+ cell
count (r=-0.426, p=0.009; Figure 1). The association with CD4+
cells was also confirmed for IgGl and IgG3 plasma levels
(r=-0.419, p=0.010; r=-0.340, p=0.039, respectively), but not
for IgG2 or IgG4 levels.
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Table 1
Patient characteristics at enrolment; values are expressed as the median (interquartile range), or percentage.
All Group I Group C p-Value
Number 37 18 19
Age (years) 27.0 (23.0-32.0) 23.5 (20.8-30.0) 30.0 (25.0-33.0) 0.022
Weight (kg) 57.0 (49.0-62.7) 56.9 (50.6-60.8) 57.3 (47.4-64.0) 0.855
Haemoglobin (g/dI) 10.3 (9.5-11.1) 10.6 (9.8-11.5) 9.8 (9.1-10.0) 0.142
WHO classification, I/II/III (%) 78.4/13.5/8.1 94.4/5.6/0.0 63.1/21.1/15.8 0.060
ART during pregnancy (weeks) 9.0 (7.0-13.0) 7.0 (4.5-13.0) 10 (8.0-15.0) 0.051
CDA4+ (cells/pl) 340 (214-503) 503 (401-776) 223 (152-302) <0.0001
HIV RNA (log copies/ml) 4.17 (3.49-4.69) 3.74 (3.51-4.46) 4.54 (3.78-4.75) 0.020
I1gG total (g/1) 25.1 (21.2-29.3) 241 (19.5-27.7) 27.8 (21.3-30.9) 0.221
1gG1 (g/1) 23.5 (18.6-28.4) 22.2 (16.8-26.3) 25.3 (18.9-28.3) 0.245
Proportion of total IgG (%) 91.8 (87.5-93.9) 92.3 (87.4-93.6) 91.6 (87.6-94.6)
1gG2 (g/1) 1.44 (0.96-1.82) 1.38 (0.93-1.81) 1.57 (0.94-1.85) 0.753
Proportion of total IgG (%) 5.2 (3.9-7.8) 5.4 (4.2-8.0) 5.8 (3.4-7.6)
1gG3 (g/1) 1.30 (1.07-1.78) 1.21 (0.80-1.76) 1.41 (1.11-1.91) 0.298
Proportion of total IgG (%) 5.3 (4.4-64) 5.0 (3.7-6.3) 5.9 (4.6-6.6)
1gG4 (g/1) 0.34 (0.14-0.45) 0.31 (0.12-0.44) 0.35 (0.20-0.47) 0.343
Proportion of total I1gG (%) 1.36 (0.69-1.58) 14 (0.3-1.7) 1.4 (0.8-1.5)

WHO, World Health Organization; ART, antiretroviral therapy.

Changes in IgG profile after 6 months of ART, at the end of the
breastfeeding period

At 6 months, significant improvements in the viro-immuno-
logical parameters were observed in both groups, and HIV-RNA
plasma levels became undetectable in most women (group I: n
=15, 83.3%; group C: n=16, 84.3%). The CD4+ cell count increased
significantly from baseline in both groups (group I: +204 cells/u.l;
group C: +182 cells/jl), and the CD4+ count remained below 350
cells/pl in only seven of the 37 women.

However, hypergammaglobulinemia was still present in 34 of
the 37 women, even though a significant decrease in total IgG
levels was observed in both groups (group I: —6.5g/l, IQR —3.1 to
+0.05, p=0.010; group C: —-8.0 g/l, IQR —3.5 to —0.50, p=0.006;
Table 2, Figure 2). Regarding the subclass composition, the trend in
changes was similar in the two groups, with some difference:
while a significant decrease in the cytophilic isotype (IgG1 and
IgG3) levels was observed in group I (IgG1l, p=0.004; IgG3,
p=0.016) and in group C (IgG1, p<0.0001; IgG3, p<0.0001),
IgG2 levels showed a modest increase that reached statistical
significance only for the women in group I (p =0.003). IgG4 levels
decreased minimally (statistically significant only in group I,
p=0.031).
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Figure 1. Correlation between the CD4+ cell count (cells/wl) and total IgG levels (g/
1) in HIV-positive pregnant Malawian women before ART initiation (r=-0.426,
p=0.009). Group I: white dots; group C: black dots.

The 6-24-month period

According to the Option B strategy, only group C, including
women with a more severe viro-immunological profile at
enrolment, continued ART after the breastfeeding period. In this
group, all women reached HIV-RNA <50 copies/ml and a CD4+
count >350 cells/l (median 560 cells/pl, IQR 420-730 cells/jl)
after 24 months of treatment. The levels of total IgG decreased
between 6 and 24 months, but after 2 years, 14 of 19 women
(73.7%) still had hypergammaglobulinemia, with a median IgG
level of 19.0 g/l (IQR 14.3-23.7 g/1). The decrease in total IgG was
paralleled by a significant decrease in IgG1 levels (-2.3g/l,
p<0.0001) and a less pronounced decrease in IgG3 (-0.23 g/l, p
=0.453) and IgG4 (—0.04 g/1, p=0.004). IgG2 levels did not show
any significant change, and after 24 months of ART treatment no
recovery was observed in plasma and the IgG2 isotype remained
largely underrepresented.

As expected, 15 of 18 women in group I were viremic at month
24 (HIV-RNA median 3.42 log copies/ml), while the CD4+ cell count
remained stable with a median of 629 cells/ul (+66 cells/pl, IQR
—21.3 to +307 cells/l; p=0.05) with respect to pre-ART values. All
women in this group had an IgG concentration >15 g/l at 2 years
postpartum. The median level of IgG returned to values similar to
those pre-ART (24.9 g/l vs. 24.1 g/I; p=0.616), with no variation in
subclass distribution.

Discussion

These results show that in HIV-positive pregnant women, 24
months of ART can improve the IgG abnormalities, but is not
sufficient to normalize the IgG hyper production or to restore the
normal subclass distribution. Overall, 24 months of ART had no
impact on the IgG2 levels, which remained strongly underrepre-
sented. It was also found that a short period of ART (about 7-10
months), although associated with a temporary improvement in
IgG anomalies, was not sufficient to maintain these changes over 2
years postpartum.

Polyclonal hypergammaglobulinemia occurs in the setting of
HIV infection (Cagigi et al., 2008), caused by T-cell dysregulation
and by a direct interaction between mature B-cells and virions
(Moir and Fauci, 2008). Many studies have reported that ART can
partially reverse some immunological dysfunction of the B-cell
compartment (Chong et al., 2004; Redgrave et al., 2005; Abudulai
et al., 2016), decreasing the IgG hyperproduction over a variable
interval of time, depending mostly on the time since HIV primary
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Table 2

Patient viro-immunological characteristics at 6 and 24 months postpartum; values are reported as the median (interquartile range), or percentage.

6 Months

24 Months

Group I (n=18)

Group C (n=19)

Group I (n=18) Group C (n=19)

AZT 3TC NVP
733 (585-940)
+204 (50-366)
3 (16.7%)

20.5 (17.9-22.5)
15/18 (83.3%)

ART regimen

CD4+ (cells/l)

CD4+ increase (cells/ul)

HIV RNA > 50 copies/ml, n (%)
IgG total (g/1)

Patients with IgG >15 g/l (%)

1gG1 (g/l) 17.5 (15.7-20.3)

IgG1 change (g/1) —4.0 (—8.6 to +0.2)
1gG2 (g/1) 1.47 (1.25-1.89)

1gG2 change (g/1) +0.16 (+0.05 to +0.27)
1gG3 (g/l 1.02 (0.61-1.31)

1gG3 change (g/1) —0.25 (—0.52 to +0.03)
1gG4 (g/1) 0.19 (0.12-0.32)

IgG4 change (g/1) —0.02 (—0.19 to +0.11)

d4T 3TC NVP None
402 (333-539)

+182 (116-271)

3 (15.7%)

211 (18.8-28.2)

19/19 (100%)

19.4 (15.9-25.6)
~3.6(-8.3 to —14)
1.59 (1.15-2.20)

+0.14 (—0.04 to +0.40)
1.10 (0.79-1.41)

~0.23 (~0.50 to —0.09)
0.27 (0.14-0.34)

~0.04 (—0.12 to +0.02)

d4T 3TC NVP

560 (420-734)

+197 (91-258)

0 (0%)

19.0 (14.3-23.7)

14/19 (73.7%)

16.4 (12.8-21.6)
~23(-5.4 to -0.7)
1.43 (1.20-2.13)

~0.20 (—0.17 to +0.05)
0.97 (0.8-1.34)

—0.23 (~0.50 to —0.09)
0.21 (0.12-0.34)
~0.04 (—0.10 to +0.00)

629 (492-875)

~35 (191 to +47.5)
15 (83.3%)

249 (21.4-27.8)

18/18 (100%)

23.6 (19.2-27.4)

+3.7 (+1.5 to +8.4)
1.36 (1.13-1.77)

~0.11 (—0.46 to +0.07)
1.10 (0.83-150)

+0.03 (—0.10 to +0.33)
0.23 (0.13-0.33)

+0.02 (—0.46 to +0.03)

ART, antiretroviral therapy; AZT, zidovudine; 3TC, lamivudine; NVP, nevirapine; d4T, stavudine.

infection (Pensieroso et al. 2009; Moir et al., 2010). Although the
majority of these studies involved patients from developed
countries, where better sanitary conditions, a lack of chronic
parasite infections, and the wider availability of different
therapeutic approaches can have an important impact, analogous
effects of ART on the memory B-cells and activation of B-specific
markers have been observed in the few studies performed in
African cohorts, reporting incomplete recovery of the B-cell
anomalies induced by HIV (Longwe et al., 2010; Tanko et al., 2017).

This study focused on the IgG profile, since hypergammaglo-
bulinemia in pregnancy has been associated with severe im-
pairment of transplacental passage and can have important
consequences for the clinical outcome of the infants (Abu-Raya
et al,, 2016). In a previous study involving women in the SMAC
study, with ART initiated at week 26 of gestation, we correlated the
high IgG levels of mothers at delivery to the reduced IgG levels
observed in their 1-month old infants (Baroncelli et al., 2018). We
concluded that the short period of ART exposure may not be
sufficient for maternal IgG normalization. Here we extended the
study to 24 months of observation in an attempt to better
understand the dynamics of IgG levels and distribution in African
HIV-positive pregnant women receiving ART. The inclusion of
women who interrupted therapy according to the Option B
strategy gave us the opportunity to explore the durability of the
beneficial effects of ART on the IgG levels.

At baseline, HIV-positive, treatment-naive women had median
levels of IgG as high as 25.1 g/1, confirming that hypergammaglo-
bulinemia is common in the HIV-infected African population, as
already reported by us and by others (de Moraes-Pinto et al., 1998;
Baroncelli et al., 2018). It was also found that the high levels of total
IgG and IgG1 were not associated with the viral burden, but rather
with the CD4+ cell count, suggesting that the T-cell dysfunction
could be the primary force leading to the general dysregulation of
the immune system (Malaspina et al., 2003). These results are in
agreement with those of previous studies that have found IgG
abnormalities associated with markers of immunoactivation and
to the decline in T-cell functionality (Abudulai et al., 2016
D’Orsogna et al., 2007; Tanko et al., 2017). The IgG isotype
distribution was dominated by IgG1, which represented more than
90% of total IgG, followed by IgG3 (5.3%), while the IgG2 isotype,
which accounts for 20-30% of total IgG in the normal population
(Vidarsson et al., 2014; Puissant-Lubrano et al., 2015), accounted
for only 5.2%. The polarization of immunoglobulins towards the
IgG1 and IgG3 subclasses is a characteristic of HIV-induced B-cell
dysregulation (Raux et al., 2000), but we cannot exclude that the
predominance of the cytophilic isotype in women could also be a

consequence of exposure to malaria infection, which in Malawi has
a prevalence of around 24% in the general population (National
Malaria Control Programme (NMCP) and ICF, 2018). Cytophilic
antibodies mediate parasite-killing responses (Scopel et al., 2006),
and their increase in populations living in areas endemic for
Plasmodium falciparum has been widely reported (Rouhani et al.,
2015; Dobafio et al., 2019).

The longitudinal monitoring of the IgG profile showed a significant
reduction in total IgG, IgG1, IgG3, and IgG4 levels in the women in both
groups after 6 months of ART. Nevertheless, only a small percentage of
women (8.1%) reached IgG levels below the clinical cut-off indicating
hypergammaglobulinemia, while most of them reached viral load
suppression and a CD4+ cell recovery of >350 cell/p.l. The significant
trend in reduction of IgG and isotypes IgG1, IgG3, and IgG4 (but not
IgG2) was similar in the two groups, indicating the beneficial effects of
6 months of ART also in women starting with a more compromised
viro-immunological profile. However, 6 months of ART had no effect
on IgG2 levels in group C women, and was associated with a modest
increase in group I women that, although statistically significant, did
not seem to be of clinical relevance.

In women on continuous therapy, a slow but statistically
significant progressive decrease in total IgG and IgG1 continued,
although 73.7% of women still had IgG levels above 15g/l at 24
months postpartum, and no significant improvement was ob-
served in terms of subclass proportions. Again IgG2 levels did not
change with ART, remaining at the pre-therapy levels. In
agreement with others (Tanko et al., 2017), it was found that
the persistence of IgG disorders was not associated with the viral
load (undetectable in all women). Indexes of immune activation
were not measured in the study women, but it is likely that the
persistence of inflammatory cytokines, a hallmark of HIV-induced
immune activation status (Brenchley et al., 2006; Mehraj et al.,
2019), could have affected IgG isotype switching (Tangye et al.,
2002) and subclass synthesis (Kawano et al., 1994).

It is interesting to note that the beneficial effect of ART on IgG
levels in group I women was only transitory, and 18 months after
the interruption of ART all women had pre-ART IgG values, while
the CD4+ cell counts remained higher with respect to baseline.
Although functional tests were not performed, the study results
confirm that the humoral dysfunctions in patients treated with
ART have a differential timing in recovery with respect to CD4+
cells, probably depending on the patient’s initial immunological
condition (d’Orsogna et al., 2007; Moir et al., 2010; Pensieroso
et al., 2009).

This study has several limitations. The patient sample size was
limited, but the low degree of variability in IgG measurements
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Figure 2. Longitudinal changes in total IgG and subclasses. Values are expressed as the median + standard error. (A) Trend of total IgG levels; group I grey dots, group C white
dots. Graphs B-E show the IgG subclass levels. Grey bars: T1 (pre-ART); white bars: month 6 (end of breastfeeding period); dotted bars: month 24 (end of study period).

allows us to be quite confident regarding the validity of the data.
Unfortunately it was not possible to perform functional tests on the
B-cell compartment, which would have allowed a more complete
analysis of the humoral dysfunction. Further, IgG reference ranges
based mostly on Western population values were used, which can
differ from those of African populations (Pieters et al., 1997;
Béniguel et al., 2004) and could make the evaluation of the IgG
abnormalities in a population already exposed to environmental
factors that have an impact on the reconstitution of the immune
profile during ART difficult.

In conclusion it was found that in Malawian women receiving
ART, the trend of IgG recovery is progressive but slow and is still
incomplete after 24 months in terms of total IgG levels and
proportions.

Considering the physiological importance of IgG acquisition
through transplacental passage for infant health, the reduction of
hypergammaglobulinemia in HIV-positive pregnant women
should be monitored under the current Option B+approach to
assess the benefits of the strategy in reducing the risk of infection
in HIV-exposed infants.
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