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that passively acquired ADCC, measured

by two assays, correlates with improved

survival of HIV-infected infants in two

breastfeeding cohorts. These results

suggest that pre-existing, ADCC-

mediating antibodies contribute to

improved HIV-positive infant clinical

outcome.
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SUMMARY
Defining immune responses that protect humans against diverse HIV strains has been elusive. Studying cor-
relates of protection from mother-to-child transmission provides a benchmark for HIV vaccine protection
because passively transferred HIV antibodies are present during infant exposure to HIV through breast
milk. A previous study by our group illustrated that passively acquired antibody-dependent cellular cytotox-
icity (ADCC) activity is associated with improved infant survival whereas neutralization is not. Here, we show,
in another cohort and with two effector measures, that passively acquired ADCC antibodies correlate with
infant survival. In combined analyses of data from both cohorts, there are highly statistically significant as-
sociations between higher infant survival and passively acquired ADCC levels (p = 0.029) as well as dimeric
FcgRIIa (p = 0.002) or dimeric FcgRIIIa binding (p < 0.001). These results suggest that natural killer (NK) cell-
and monocyte antibody-mediated effector functions may contribute to the observed survival benefit and
support a role of pre-existing ADCC-mediating antibodies in clinical outcome.
INTRODUCTION

Non-neutralizing antibodies (nnAbs) can mediate several cyto-

toxic effector functions, such as antibody-dependent cellular

cytotoxicity (ADCC) and antibody-dependent phagocytosis

(ADP), which play an important role in control of infectious dis-

eases.1 nnAbs, particularly ADCC-mediating Abs, have been

associated with protection from simian immunodeficiency virus

(SIV) acquisition or progression to AIDS in several studies of ma-

caques, a commonly used model for human HIV-1 (HIV) infec-

tion.2 Although early studies in humans also suggested that
Cell R
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ADCC activity correlates with protection from HIV infection

and/or slowed disease progression, human data regarding the

role of HIV-specific ADCC-mediating Abs in infection and dis-

ease are still somewhat limited.3 Understanding the protective

capacity of pre-existing nnAbs in HIV-exposed and infected indi-

viduals may help guide the design of an effective HIV vaccine.4

Our team has leveraged the unique setting of mother-to-child

transmission (MTCT) to specifically investigate the role of ADCC-

mediating Abs in outcomes in infants of mothers living with HIV.5

Maternal HIV-specific Abs are particularly relevant in this setting

because they enter the infant circulation via transfer across the
eports Medicine 2, 100254, April 20, 2021 ª 2021 The Author(s). 1
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Table 1. Summary of Cox proportional hazards models of infant

survival

Assay Cohort HR (95% CI) p Value

RFADCC NBT 0.94 (0.89, 0.99) 0.024a

CTL 0.97 (0.94, 0.99) 0.017a

combined 0.97 (0.95, 0.99) 0.029a

Dimeric FcgRIIa ELISA NBT 0.81 (0.67, 0.97) 0.020a

CTL 0.74 (0.51, 1.07) 0.11

combined 0.83 (0.74, 0.93) 0.0017a

Dimeric FcgRIIIa ELISA NBT 0.80 (0.66, 0.97) 0.024a

CTL 0.77 (0.62, 0.95) 0.017a

combined 0.82 (0.73, 0.92) 0.00061a

Shown are results of Cox proportional hazards modeling using assay ac-

tivity + AUC maternal viral load as inputs and survival time and death as

outcomes. HR, hazard ratio; CI, confidence interval. All statistics were

rounded to the nearest two significant figures. The H131 and V158 vari-

ants were used for the dimeric FcgRIIa and FcgRIIIa ELISAs, respectively.
aStatistically significant after Benjamini-Hochberg correction using a

false discovery rate of 0.05. Data are from two technical and biological

replicates. See also Figures S2 and S3 and Tables S1 and S2.
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placenta and remain in circulation for months after birth.6–9 We

have shown previously that passively acquired infant plasma

ADCC activity is correlated positively with infant survival but

maternal plasma ADCC activity is not; nor are neutralization

breadth and potency of infant or maternal plasma.9 In addition,

maternal breast milk HIV-specific ADCC activity is correlated

inversely with breastfeeding MTCT risk.10 These findings were

observed using samples from the Nairobi Breastfeeding Trial

(NBT), which was conducted prior to use of antiviral therapy for

prevention of MTCT, and using HIV gp120 envelope protein in

the rapid and fluorometric ADCC (RFADCC) assay, which may

measure other non-neutralizing activities as well as ADCC.11–14

Given the very limited data on immune correlates of protection

in humans, we wanted to find out whether the findings from the

NBT were generalizable to other cohorts and reproducible using

a different ADCC assay. In a second cohort, the cytotoxic T

lymphocyte (CTL) cohort,15 we again identified a significant

association between passively acquired gp120-specific ADCC

activity and infant survival. We also expanded our detection

methods to include a dimeric, recombinant, soluble Fcg receptor

(FcgR) ELISA (dimeric FcgR) in addition to the RFADCC assay to

measure the ADCC potential of passively acquired Abs.16,17 The

dimeric FcgR ELISA results agreed with those of the RFADCC

assay for both cohorts, and combined analyses using data

from both cohorts identified a strong association between

passively acquired ADCC activity and reduced infant mortality

using both assays. These results provide further evidence for

the therapeutic potential of pre-existing ADCC-mediating Abs

in individuals that become HIV infected.
RESULTS

Because the correlation of ADCC activity and infant outcome

was detected previously in the NBT cohort using the RFADCC
2 Cell Reports Medicine 2, 100254, April 20, 2021
assay, we used the same assay in the current study with the

goal of determining the generalizability of the association be-

tween RFADCC activity and infant outcomes. At the time of

enrollment, clade A was dominant in Nairobi, Kenya, and clade

D and recombinants were also common.18 We used gp120

derived from a clade A/D variant (BL035) isolated from an infant

with HIV in the NBT cohort as the antigen in the studies of this

cohort and showed that it gave results representative of

gp120s from diverse strains in the RFADCC assay.9 To further

validate this, we tested gp120 from a clade A strain, BG505,

and observed a statistically significant association between pas-

sive ADCC antibodies and infant survival, as seen previously with

BL035 and clade B SF162 gp120 antigens (Figure S1).9,19 In

addition, we showed that prior results with SF162 gp120 antigen

were reproducible in this study (Figure S1). These findings

demonstrate a consistent association between infant ADCC ac-

tivity and clinical outcome independent of the gp120 antigen

tested.

Using the RFADCC assay and BL035 gp120 as the antigen, we

measured the ADCC activity of 87 infants from the CTL cohort

who were defined as HIV negative at birth, 15 of whom subse-

quently tested positive, and the other 72 remained HIV exposed,

uninfected (HEU). As with the NBT cohort, we selected infants

who tested HIV negative at birth so that we could assess the

passively transferred levels of HIV-specific antibodies without

interference from de novo responses. We included only infants

with samples available from the first week of life, when HIV

breastfeeding transmission risk and passively acquired ADCC

activity are high.9,20 We examined the relationship between

passively acquired ADCC levels in the first weeks of life with

infection outcome and clinical outcome (in infants who subse-

quently acquired HIV [HIV+] in the CTL cohort). There was no sta-

tistically significant difference in ADCC activity between HEU

and HIV+ infants (p = 0.73; Figure S2A), nor was passively ac-

quired ADCC activity associated with HIV acquisition risk in a lo-

gistic regression analysis (odds ratio [OR], 1.00; p = 0.99; Table

S1). In contrast, among HIV+ infants in the CTL cohort, those

with ADCC activity above the median generally had longer sur-

vival times (Figure S2B), and there was a statistically significant

association between pre-existing ADCC activity and improved

survival after adjusting for maternal viral load (hazard ratio

[HR], 0.97; p = 0.017; Cox proportional hazards model; Table 1).

Becausewe used similar selection criteria for infants fromboth

cohorts, we combined the RFADCC results obtained for HIV+ in-

fants in the NBT and CTL cohorts (total n = 36) to determine

whether there was an association between passively acquired

ADCC activity and infant survival in the combined cohorts.

Indeed, in the combined cohorts, we observed a statistically sig-

nificant association between passively acquired ADCC activity

and HIV+ infant survival when we compared infants with high

(Rmedian) versus low (<median) ADCC activity (c2 = 7.81, p =

0.0052; Figure 1) and when we used continuous data in Cox pro-

portional hazards modeling adjusted for maternal viral load (HR,

0.97; p = 0.029; Table 1).

We next examined whether the effector potential of gp120-

specific plasma antibodies measured by a different assay were

correlated with infant outcome in the NBT cohort. For this, we

employed the dimeric FcgR ELISA, which was developed to



Figure 1. Association between gp120-specific RFADCC activity and

HIV+ infant outcome

Shown is a Kaplan-Meier survival curve for HIV+ infants with passively ac-

quired ADCC activity at/above (blue) or below (red) the median from the NBT

and CTL cohorts (n = 36). Clade A/D BL035 gp120 was used as the antigen.

Black dots indicate time of censoring. Data are from two technical and

biological replicates. See also Figure S1.

Figure 2. Comparison of gp120-specific RFADCC or dimeric FcgR

activity in surviving and non-surviving HIV+ infants

(A) Normalized ADCC activity of surviving (blue, n = 20) and non-surviving (red,

n = 15) HIV+ infants in the NBT and CTL cohorts.

(B) Area under the curve (AUC)-normalized dimeric FcgRIIa (H131 variant)

ELISA activity for surviving (blue, n = 20) and non-surviving (red, n = 14) HIV+

infants in the NBT and CTL cohorts.

(C) AUC dimeric FcgRIIIa (variant V158) ELISA activity for surviving (blue, n =

20) and non-surviving (red, n = 14) HIV+ infants in the NBT and CTL cohorts.

Closed symbols represent infants from the NBT cohort, and open symbols

represent infants from the CTL cohort. The sample for one HIV+ infant from the

NBT cohort ran out before ELISAs were run. The median assay activity of

groups in all panels was compared with Mann-Whitney U test. Clade A/D

BL035 gp120 was used as the antigen. All p values are statistically significant

after Benjamini-Hochberg correction using a false discovery rate of 0.05. Data

are from two technical and biological replicates. See also Table S1.
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mimic the cross-linking of Fc receptors that occurs during initia-

tion of effector functions.16 We used FcgRIIa, which is found on

neutrophils, monocytes, and many other effector cell types, and

FcgRIIIa, which is expressed by natural killer (NK) cells, CD16+

monocytes, and other leukocytes.21–23 There was no difference

in median dimeric FcgR activity between HEU and HIV+ infants

in the NBT cohort for FcgRIIa (p = 0.63) or FcgRIIIa (p = 0.90)

via Mann-Whitney U test. Activity measured by this assay was

also not associated withMTCT risk in logistic regression analysis

for FcgRIIa (OR, 1.03; p = 0.58) or FcgRIIIa (OR, 1.03; p = 0.63;

Table S1) after adjustment for maternal viral load. There was

improved survival in HIV+ infants with higher activity measured

in the dimeric FcyR ELISA that was statistically significant for

FcgRIIa (HR, 0.81; p = 0.020) and FcgRIIIa (HR, 0.80; p =

0.024) in the NBT cohort (Table 1; Figure S3). All of these results

are consistent with data from the RFADCC assay.9

We also examined ADCC activity using the dimeric FcgR

ELISA assay in the CTL cohort, focusing only on HIV+ infants

and survival as an outcome, given the lack of association be-

tween ADCC activity and infection risk as described previously

described for the NBT cohort9 and reported here for the CTL

cohort (Figure S2A; Table S1). In Cox proportional hazards

modeling for the CTL cohort, there was a trend between

FcgRIIa activity and infant survival (HR, 0.74; p = 0.11) and a

statistically significant association of FcgRIIIa activity with in-

fant survival (HR, 0.77; p = 0.017). Importantly, there was a sta-

tistically significant association between the activity of both re-

ceptors with survival when the two cohorts were combined:

FcgRIIa (HR, 0.83; p = 0.0017) and FcgRIIIa (HR, 0.82; p =

0.00061). In combined survival analyses excluding the eight

NBT infants infected after 6 months, when passive antibodies

may be less relevant, there was still a statistically significant as-

sociation between RFADCC (p = 0.021), dimeric FcgRIIa (p =

0.017), or dimeric FcgRIIIa (p = 0.0067) activity and infant sur-

vival. Kaplan-Meier curves are shown in Figure S3, and Cox

proportional hazards survival analyses are summarized in Table

1. The results of models controlling for maternal CD4 count or

CD4 count and viral load instead of viral load only were highly

similar (Table S2).
As a final comparison of outcomes, we examined whether

passively acquired RFADCC or dimeric FcgR ELISA activity

differed between surviving and non-surviving HIV+ infants.

Indeed, surviving HIV+ infants had significantly higher median

RFADCC activity than infants who did not survive during the

follow-up period (Figure 2A) as well as significantly higher ELISA

activity for dimeric FcgRIIa (Figure 2B) and FcgRIIIa (Figure 2C).

All comparisons between surviving and non-surviving infants

were also significant in the separate cohorts (data not shown),

with the exception of NBT infants for dimeric FcgRIIIa (p = 0.06).
DISCUSSION

It has been challenging to define correlates of protection from

HIV infection and disease progression in humans, where it will

be necessary to protect against viruses that exhibit extensive di-

versity, which is difficult to capture in animal models.24 Despite

this, growing evidence suggests that Fc-mediated effector func-

tions may play an important role in protection and disease.3,23

For example, it has been shown in the RV144 trial that V1V2-spe-

cific nnAbs are correlated with protection from infection and that
Cell Reports Medicine 2, 100254, April 20, 2021 3
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vaccinees exhibit engagement of FcgRIIa and FcgRIIIa by Abs

recognizing a broad range of cross-clade antigens.17,25 With re-

gard to disease outcome, long-term non-progressor status is

also associated with development of de novo ADCC-mediating

Abs.26–28 It has been difficult to study protection and disease

progression simultaneously in the context of naturally circulating

HIV. MTCT is a unique context in which the effect of pre-existing

nnAbs on infection risk and disease outcome can be studied in

the presence of endemic circulating HIV strains. Here we

demonstrate that passively acquired ADCC antibody activity,

measured by two different assays and in two different cohorts

(individually or combined), is correlated with improved clinical

outcome in infants who acquire HIV.

Passively acquired ADCC activity, measured with the

RFADCC assay, was associated with improved HIV+ infant

survival in the CTL cohort, similar to what has been observed

previously in the NBT cohort in this assay.9 Importantly, this

association was highly significant when the data using this assay

from the two cohorts were combined. These findings suggest

that the RFADCC assay measures a biologically relevant activity

in this setting, although the specific nature of this activity in this

assay remains poorly defined. This method uses gp120-coated

target cells that may not completely resemble the epitopes pre-

sented by HIV-infected cells, and it measures NK cell- and

monocyte-mediated effector functions.12–14 The findings pre-

sented here highlight the importance of better understanding

the biological mechanisms underlying the activity that correlates

with improved clinical outcomes.

The relationship between ADCC and infant outcome was also

observed in both cohorts and in a combined analysis with a sec-

ond assay that measures the ability of close-proximity antigen-

antibody complexes to engage dimeric FcgRs, mimicking the

clustering of FcgR required for activation of innate cells that

mediate effector functions.16,29 The dimeric FcgR ELISA has

been shown previously to correlate with multiple methods of

measuring ADCC.17,30 Although ADCC activity is classically

thought to be mediated by NK cells via FcgRIIIa, a growing

amount of literature supports a potential role of FcgRIIa and

monocytes in promoting ADCC and protective effects against

HIV.1,13,17,31,32 Our finding that FcgRIIa binding was also associ-

ated with infant survival is consistent with the importance of

multiple cellular triggers for Ab effector functions in the context

of HIV infection. The highly concordant results among both

cohorts and both assays may suggest that Fc-mediated effector

functions, such as ADCC, play a role in limiting disease

progression in infants with HIV.

The positive effect of passively acquired antibodies on infant

infection is not unique to HIV. For example, ADCC-mediating

maternal antibodies are associated with decreased herpes sim-

plex virus (HSV) dissemination.33 Similarly, the degree of NK cell

activation by RSV-specific maternal antibodies is inversely asso-

ciated with infant RSV disease severity.34 ADCC has also been

associated with improved outcomes in previous HIV MTCT

studies; however, some of these studies were limited by impre-

cise determination of infant infectious status or study of maternal

antibodies rather than the direct passive antibody levels in the in-

fant.10,35–37 Here we provide strong support for a role of effector

functions mediated by pre-existing antibodies in improving HIV
4 Cell Reports Medicine 2, 100254, April 20, 2021
clinical outcome. Given that there is cross-species variability in

immunoglobulin-FcR interactions that could affect the relevance

of study of HIV-specific ADCC antibodies in experimental sys-

tems, these human studies provide critical information for under-

standing which antibody activities are important for vaccine and

therapy design.29,38

Limitations of study
This study has several limitations. Of the 35 infants who acquired

HIV in our study, 7 had an estimated infection time of 6months of

age or greater, when passively acquired antibodies had largely

waned.5 As described earlier, this did not appear to affect overall

results because when the survival analyses were restricted to in-

fants who acquired HIV before 6 months of age, the results were

similar to those of the entire cohort(s). However, a larger study,

focused on infants at risk and infected within the first 2 months

of life, would more directly examine the effect of passive anti-

bodies. A final caveat is use of the RFADCC assay, which relies

on coated target cells, and an ELISA-based assay to measure

ADCC activity mediated by passively transferred antibodies.

Although it has been argued that these approaches are less bio-

logically relevant than infection-based assays, both assays have

been shown to be highly correlated with other measures of

ADCC.16,17 Importantly, RFADCC activity was also associated

with outcome measures in a number of human studies.9,10,39,40
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Vézina, D., Dusenbury, K., Ramadoss, N.S., Basom, R., et al. (2019). Iden-

tification of HIV gp41-specific antibodies that mediate killing of infected

cells. PLoS Pathog. 15, e1007572.

http://refhub.elsevier.com/S2666-3791(21)00070-7/sref27
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref27
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref28
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref28
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref28
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref28
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref28
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref29
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref29
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref29
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref30
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref30
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref30
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref30
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref31
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref31
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref31
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref32
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref32
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref32
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref32
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref33
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref33
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref34
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref34
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref34
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref34
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref34
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref34
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref34
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref35
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref35
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref35
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref35
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref35
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref36
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref36
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref36
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref36
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref37
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref37
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref37
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref37
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref37
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref38
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref38
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref38
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref38
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref39
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref39
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref39
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref39
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref40
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref40
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref40
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref40
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref40
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref40
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref41
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref41
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref41
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref42
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref42
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref42
http://refhub.elsevier.com/S2666-3791(21)00070-7/sref42


Report
ll

OPEN ACCESS
STAR+METHODS
KEY RESOURCES TABLE
REAGENT or RESOURCE SOURCE IDENTIFIER

Antibodies

Polyclonal Anti-Human Immunodeficiency

Virus Immune Globulin, Pooled Inactivated

Human Sera (HIVIG)

NIH AIDS Reagent Program Cat#3957

Pierce High Sensitivity Streptavidin-HRP ThermoFisher Scientific Cat#21130

Biological samples

Human plasma or cord blood samples from

NBT cohort subjects

Nduati et al.20 N/A

Human plasma or cord blood samples from

CTL cohort subjects

John-Stewart et al.15 N/A

Chemicals, eptides, and recombinant proteins

BG505.W6M.ENV.B1 (BG505) gp120 Cambridge Biologics Cat#01-01-1028

BL035.W6M.ENV.C1 (BL035) gp120 Immune Technology Corporation Cat#IT-001-115p

SF162 gp120 Immune Technology Corporation Cat#IT-001-0028p
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Experimental models: Cell lines
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Lead contact
Further information and requests for resources and reagents should be directed to and will be fulfilled by the lead contact,

Julie Overbaugh (joverbau@fredhutch.org).

Materials availability
This study did not generate new unique reagents.

Data and code availability
The custom RStudio code generated and used in this study is available upon request.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

Human subjects
Plasma samples used in this study were from the Nairobi Breastfeeding Trial (NBT) and Cytotoxic T Lymphocyte (CTL) cohort. These

studies enrolled HIV+ mothers late in pregnancy from 1992-1998 for NBT and 1999-2002 for CTL. Individuals were enrolled in late

pregnancy, and mother-infant pairs were followed for two years of life in the NBT and for one year for CTL, with the exception

that CTL infants who became infected in the first year were followed for an additional year.15,20 Both studies were carried out before

the widespread availability of antiretroviral therapy (ART). Whereas all NBT participants did not receive ART, in CTL nearly all mothers
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received a short course of zidovudine prior to delivery for prevention of infant infection, which was consistent with contemporaneous

standard of care. Approval to conduct this study was provided by Kenyatta National Hospital - University of Nairobi Ethics and

Research Committee, the Fred Hutchinson Cancer Research Center Institutional Review Board, and/or the University of Washington

Institutional Review Board. Study participants provided written informed consent prior to enrollment and for use of their data and

samples for future studies.

Cell lines
CEM.NKRcells (RRID:CVCL_X622; originally derived from femalehumanT-lymphoblastoid cells)wereobtained fromNIHAIDSReagent

Program (catalog#458)andgrownat37�C inRPMI1640mediawithaddedpenicillin (100U/mL), streptomycin (100mg/mL),amphotericin

B (250 ng/mL), L-glutamine (2mM), and fetal bovine serum (10%). These cells were not further authenticated in our hands.

METHOD DETAILS

Study Design
In both groups, a sub-cohort was selected for inclusion in this study based on infant criteria described inMilligan et al., which included

HIV negative DNA/RNA testing at birth, breastfeeding history R 3 months or until time of transmission, and availability of an infant

sample from the first week of life.9 All eligible 72 cases from the NBT cohort were included in the study. In the CTL cohort, 161

mother-infant pairs initially met the same criteria, only 15 of which included infants who acquired HIV. Given that this large number

of primarily non-transmitting pairs would make running all samples in parallel with the RFADCC assay difficult, the design was

amended to a case-control design through selection of a random sample of 78 from the 161 mother-infant pairs. Six of 15 infected

and 72 of 146 uninfected cases were randomly selected. The nine remaining infected cases were added back in after selection. In

order to account for the non-random addition of infected cases, all samples were weighted according to Borgan II weighting.41

Infected cases were assigned aweight of 1, CTL HEUswere assigned aweight of 2.028, and all NBT samples were assigned aweight

of 1. All infant samples from the CTL cohort were plasma, whereas 61 and 11 infant samples from NBT were cord blood and plasma,

respectively. All samples were heat inactivated at 56�C for 1 hour. Insufficient volume remained for plasma of one infant in the NBT

study to run the dimeric FcgR ELISAs on this sample.

Rapid and Fluorometric ADCC Assay
The rapid and fluorometric ADCC (RFADCC) assay was carried out as described previously.11,42 Briefly, CEM.NKR cells were stained

with PKH26 cell linker dye (Sigma-Aldrich) and CFSE cytosolic dye (Vybrant CFDA-SE. Cell Tracer Kit, Invitrogen). Double-stained

cells were then coated with Clade A/D BL035.W6M.ENV.C1 gp120 (Immune Tech; GenBank: DQ208480) at a ratio of 1.5ug

gp120 per 100,000 cells for 1 hour at room temperature. Coated cells were washed and a total of 5,000 target cells were added

to wells containing 100uL of plasma diluted at 1:5000 in RPMImedia or 100-500ng/mL of control mAbs. After a 15-minute incubation,

PBMCs fromHIV negative donors were added at a ratio of 50:1 effector to target cells. RFADCC activity was allowed to occur for four

hours at 37�C before cells were washed and fixed in 1% paraformaldehyde (Santa Cruz Biotechnology). Data were acquired via flow

cytometry (BD Symphony). PKH and CFSE were detected in the PE and FITC channels, respectively. Data were analyzed using

FlowJo (v.9.9, Treestar). ADCC was defined as the percentage of PKH+, CFSE- cells out of total PKH+ cells after subtracting the

activity mediated against uncoated target cells (background), which was set to 3%–5%. ADCC activity was normalized to that

mediated by Anti-HIV Immune Globulin (HIVIG, NIH ARP, Catalog #3957).

Dimeric FcgR ELISA
The ELISA using dimeric recombinant soluble FcgRIIIa and FcgRIIa ectodomains (dimeric FcgR) was adapted from Wines et al.16.

Maxisorp 384-well plates were coated at 4�C overnight with BL035.W6M.ENV.C1 gp120 at 1ug/mL in PBS. Plates were washed

five times between all steps in PBS-0.02% Tween-20-1mM EDTA (PBSE). Plates were blocked with 1% human serum albumin

(Sigma Aldrich) in PBSE at 37�C for 1 hour. All samples/reagents used in subsequent steps were diluted in 1% bovine serum albumin

(Sigma Aldrich) in PBSE. Plasma samples at 1:50, 1:100, or 1:200 dilutions andmAb controls were then incubated at 37�C for 1 hour.

Biotinylated dimeric rsFcgRIIa variant H131 or rsFcgRIIIa variant V158 were prepared as previously described and added at 0.2 mg or

0.1 mg/mL, respectively, for 1 hour at 37�C.16 Next, plates were incubated with high sensitivity streptavidin-HRP (Pierce) at 1:10,000

dilution for 1 hour at 37�C. After a final wash, 1-Step TMB-Ultra (Thermo Fisher) was added to the wells. The reaction was stopped

5-10 minutes later using 1M H2SO4 (Sigma Aldrich). Absorbance was measured at 450nm optical density. The activity measured for

wells coated with HIVIGwas used to normalize measurements across experiments, after subtracting the background activity of wells

in which no plasma/mAbwas added. The area under the curve (AUC) for the activities at each dilution normalized to that of HIVIGwas

calculated and divided by 1000 for use in subsequent analyses.

QUANTIFICATION AND STATISTICAL ANALYSIS

Raw data was processed in Microsoft Excel. Statistical analyses were performed using RStudio (RStudio Team 2018) or GraphPad

Prism v8. Graphs were generated using GraphPad Prism. In place of a single viral load, an area under the curve (AUC) for maternal
e2 Cell Reports Medicine 2, 100254, April 20, 2021
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viral loads was calculated to adjust for the potential impact of ART on maternal viral load and therefore HIV transmission risk. Linear

regression on adjacent viral load time points was used to impute missing viral loads where necessary. For the CTL cohort, all AUC

calculations used viral loads from pregnancy week 32 (P32), delivery, and one month postpartum. For the NBT cohort, AUC

calculations used viral loads from P32 and delivery, week eight postpartum, or week 14 postpartum, where available. AUCs were

divided by the total measurement time interval to account for the difference in measurement interval between samples. The AUC/

week of maternal viral load was used in all subsequent transmission and survival analyses.

A binomial logistic regression of assay activity and viral load on infant infection status was performed to determine whether these

factors were associated with HIV transmission. To determine whether assay activity was associated with survival of infants with HIV,

assay activity and viral load were used as predictors in Cox-proportional hazards models of infant survival time. For models

controlling for maternal CD4 count with or instead of viral load, the CD4 count closest to delivery was selected if data from multiple

time points were available. Kaplan-Meier survival curves were also used to compare HIV+ infants with assay activity at/above or

below the median via the log-rank test. Statistical significance was defined as a p value less than 0.05 and, where multiple compar-

isonsweremade, a Benjamini-Hochberg correction with a false discovery rate of 0.05was applied. In all figures, N corresponds to the

number of individuals. Except where noted, all data represent the mean of two biological replicates, with two technical replicates in

each experiment. Additional details can be found in the figure legends.
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