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RESEARCH ARTICLE

Cost-effectiveness of broadly neutralizing antibody prophylaxis
for HIV-exposed infants in sub-Saharan African settings
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Elizabeth J. McFarland14, Kenneth A. Freedberg1,2,3,15 and Andrea L. Ciaranello1,2,3

§Corresponding author: Caitlin M. Dugdale, Medical Practice Evaluation Center, Department of Medicine, Massachusetts General Hospital, 100 Cambridge
Street, 16th Floor, Boston, MA 02114, USA. Tel: +1 (617) 726–9339. (cdugdale@mgh.harvard.edu)

Abstract
Introduction: Infant HIV prophylaxis with broadly neutralizing anti-HIV antibodies (bNAbs) could provide long-acting protec-
tion against vertical transmission. We sought to estimate the potential clinical impact and cost-effectiveness of hypothetical
bNAb prophylaxis programmes for children known to be HIV exposed at birth in three sub-Saharan African settings.
Methods: We conducted a cost-effectiveness analysis using the CEPAC-Pediatric model, simulating cohorts of infants from
birth through death in Côte d’Ivoire, South Africa and Zimbabwe. These settings were selected to reflect a broad range of HIV
care cascade characteristics, antenatal HIV prevalence and budgetary constraints. We modelled strategies targeting bNAbs
to only WHO-designated “high-risk” HIV-exposed infants (HR-HIVE) or to all HIV-exposed infants (HIVE). We compared four
prophylaxis approaches within each target population: standard of care oral antiretroviral prophylaxis (SOC), and SOC plus
bNAbs at birth (1-dose), at birth and 3 months (2-doses), or every 3 months throughout breastfeeding (Extended). Base-case
model inputs included bNAb efficacy (60%/dose), effect duration (3 months/dose) and costs ($60/dose), based on published
literature. Outcomes included paediatric HIV incidence and incremental cost-effectiveness ratios (ICERs) calculated from dis-
counted life expectancy and lifetime HIV-related costs.
Results: The model projects that bNAbs would reduce absolute infant HIV incidence by 0.3–2.2% (9.6–34.9% relative reduc-
tion), varying by country, prophylaxis approach and target population. In all three settings, HR-HIVE–1-dose would be cost-
saving compared to SOC. Using a 50% GDP per capita ICER threshold, HIVE-Extended would be cost-effective in all three
settings with ICERs of $497/YLS in Côte d’Ivoire, $464/YLS in South Africa and $455/YLS in Zimbabwe. In all three set-
tings, bNAb strategies would remain cost-effective at costs up to $200/dose if efficacy is ≥30%. If the bNAb effect duration
were reduced to 1 month, the cost-effective strategy would become HR-HIVE–1-dose in Côte d’Ivoire and Zimbabwe and HR-
HIVE–2-doses in South Africa. Findings regarding the cost-effectiveness of bNAb implementation strategies remained robust in
sensitivity analyses regarding breastfeeding duration, maternal engagement in postpartum care, early infant diagnosis uptake
and antiretroviral treatment costs.
Conclusions: At current efficacy and cost estimates, bNAb prophylaxis for HIV-exposed children in sub-Saharan African set-
tings would be a cost-effective intervention to reduce vertical HIV transmission.

Keywords: broadly neutralizing antibodies; cost-effectiveness analysis; HIV prevention and control; HIV-1; infant HIV prophy-
laxis; vertical HIV transmission

Additional information may be found under the Supporting Information tab of this article.
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1 INTRODUCT ION

Although the scale-up of universal antiretroviral therapy (ART)
in pregnancy and lactation has reduced vertical HIV transmis-
sion globally by over 20% since 2015, an estimated 150,000
paediatric HIV infections still occur annually [1]. Substantial

barriers to early HIV diagnosis and ART initiation in preg-
nancy, maternal ART adherence and maternal retention in
care contribute to ongoing high rates of vertical HIV transmis-
sion [1]. In high-incidence settings, acute HIV infection during
pregnancy or breastfeeding also contributes to residual pae-
diatric HIV infections [2]. Novel biomedical interventions to
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address these vulnerabilities in the maternal HIV care cascade
are needed to eliminate vertical HIV transmission [2].

Infant prophylaxis with long-acting, injectable broadly neu-
tralizing anti-HIV antibodies (bNAbs) could provide supple-
mental protection from vertical HIV transmission throughout
breastfeeding [2]. BNAbs have demonstrated excellent effi-
cacy as postnatal prophylaxis in non-human primates, includ-
ing efficacy against intrapartum transmission if given within
24–30 hours after birth [2–5]. In the only human efficacy
study published to date, one bNAb, VRC01, did not pre-
vent overall HIV acquisition among at-risk adults; however, it
demonstrated 75% efficacy against the acquisition of VRC01-
sensitive virus [6]. Several bNAbs (e.g. VRC01LS and VRC07-
523LS) have demonstrated safety, tolerability and potentially
protective levels for 3 months when given subcutaneously to
HIV-exposed uninfected infants soon after birth and during
infancy in clinical trials [7, 8]. There are at least 10 bNAbs
moving forward in clinical trials both as prophylaxis and as
treatment, although the timeline for regulatory approval is
uncertain [9]. Several of these bNAbs, alone and in combina-
tion, possess in vitro neutralizing activity with greater breadth
and potency than VRC01, and are nearing readiness for clini-
cal use [10, 11].

While infant bNAb prophylaxis offers a promising approach
to reduce vertical transmission, by potentially offering long-
acting protection throughout breastfeeding, there is concern
that its implementation in resource-limited settings will be
cost-prohibitive. Estimated bNAb production costs are $2–20
per 100 mg dose for infants, approximately 15-fold lower than
adult costs due to lower required doses [8, 12]. However, cur-
rent formulations require an expensive cold chain of refriger-
ated storage until the administration and remain at potentially
therapeutic levels for only 1–3 months following each dose [7,
13]. Therefore, infant bNAb prophylaxis is likely to be costly,
but whether it may offer good value in high-burden settings
remains unclear.

We aimed to evaluate the potential clinical impact, costs
and cost-effectiveness of adding bNAb prophylaxis to existing
HIV prevention approaches for known HIV-exposed infants
at birth in three sub-Saharan African countries and to iden-
tify the optimal implementation strategy for bNAbs given the
unique HIV epidemic characteristics and cost constraints of
each setting.

2 METHODS

2.1 Study design and model overview

We used the validated Cost-Effectiveness of Preventing AIDS
Complications–Pediatric (CEPAC-P) microsimulation model to
project the clinical and economic impacts of hypothetical
national bNAb HIV prophylaxis programmes for children
known to be HIV exposed at birth in Côte d’Ivoire, South
Africa and Zimbabwe [14–16]. We selected these countries
to reflect a broad range of HIV epidemic characteristics with
varying HIV prevalence, ART coverage, breastfeeding dura-
tion, early infant diagnosis (EID) uptake, healthcare costs
and cost constraints (Table A5). Simulated infants enter the
model at birth and face an initial perinatal risk and monthly
postnatal risks of acquiring HIV. These risks are based on

maternal HIV status, ART use, HIV viral load and breast-
feeding practices. Children who acquire HIV draw a CD4%
from a user-defined distribution; without effective treatment,
CD4% declines, which increases monthly risks of opportunis-
tic infections (OIs) and AIDS-related death. All known HIV-
exposed infants encounter opportunities for EID at multi-
ple time points consistent with country-specific guidelines
and can undergo HIV testing after the development of an
OI. Modelled children with HIV start ART immediately upon
diagnosis and linkage to care; successful treatment leads to
CD4% gains and reduced OI and mortality risks (see online
Appendix). We followed Consolidated Health Economic Evalu-
ation Reporting Standards in line with best-practice advisories
for cost-effectiveness analyses (Table A4) [17]. This study was
approved by the Mass General Brigham Human Research
Committee.

2.2 Modelling infant HIV prophylaxis

We added an infant prophylaxis module to the CEPAC-P
model (Figure A1). The impact of prophylaxis on intrapartum
transmission is modelled as a multiplier on perinatal transmis-
sion risks. For breastfeeding children, prophylaxis eligibility is
evaluated each month, based on age and maternal character-
istics; eligible children experience a probability of access and
adherence to prophylaxis. If a prophylaxis dose is received, an
efficacy multiplier reduces postnatal transmission risks for a
user-specified number of months.

2.3 Modelled cohorts and strategies

To reflect outcomes for all known HIV-exposed children,
we modelled two sub-cohorts in each setting: known HIV-
exposed infants who are “high-risk” at birth by World Health
Organization (WHO) criteria (e.g. infants whose mothers
experienced incident HIV infection during pregnancy, received
less than 4 weeks of ART before delivery or had an HIV
viral load >1000 c/ml near delivery) and known HIV-exposed
infants who are “non-high-risk” (Figure 1) [18]. We assumed
all infants known to be HIV exposed at birth who are truly
high-risk have been identified as such and varied this assump-
tion in sensitivity analyses. We also did not assume additional
costs for identifying high-risk infants. Outcomes for each sub-
cohort were aggregated and weighted based on sub-cohort
size to produce outcomes for the overall cohort of all chil-
dren known to be HIV exposed at birth, including children
who acquire HIV (irrespective of diagnosed infection) (see
online Appendix). To examine the impact of hypothetical bNAb
prophylaxis programmes focused on different target popula-
tions, we modelled strategies in which bNAbs are offered only
to the sub-cohort of high-risk HIV-exposed infants (HR-HIVE
strategies) and strategies in which bNAbs are offered to both
modelled sub-cohorts, comprising the entire population of all
known HIV-exposed infants (HIVE strategies; Figure 1). All
known HIV-exposed children are eligible for standard of care
(SOC) oral antiretroviral prophylaxis, that is 6 weeks of nevi-
rapine for non-high-risk infants and 12 weeks of dual nevi-
rapine and zidovudine for high-risk infants [18]. Within each
target population, we investigated the impact of varied bNAb
dosing approaches, including zero doses (SOC), one dose
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Figure 1. We modelled two separate cohorts of infants known to be HIV exposed at birth: high-risk infants (by WHO criteria) and
non-high-risk infants [18]. Outcomes from these two modelled cohorts were weighted by prevalence of high-risk characteristics to gen-
erate overall clinical and economic outcomes for a population of all infants with known HIV exposure in each country setting evaluated
(see online Appendix). Considering outcomes for the entire population of infants with known HIV exposure, we evaluated seven bNAb
implementation strategies, which reflected assumptions regarding both the target population for bNAb administration (i.e. only high-
risk infants [HR-HIVE] or all known HIV-exposed infants [HIVE]) and the bNAb dosing approach (i.e. standard of care [SOC] oral infant
prophylaxis without bNAbs, one dose of bNAbs at birth, two doses of bNAbs at birth and 3 months, and extended dosing of bNAbs
throughout breastfeeding). In all strategies examined, all known HIV-exposed infants were assumed to be eligible for SOC oral infant
prophylaxis [18]. Abbreviations: ART, antiretroviral therapy; bNAb, broadly neutralizing antibody; SOC, standard of care; VL, viral load;
WHO, World Health Organization. †All modelled outcomes are presented for the entire population of all infants with known HIV expo-
sure, reflecting a weighted average of outcomes between the high-risk and non-high-risk modelled cohorts. ‡The bNAb effect duration
was altered during sensitivity analysis and the frequency of administration was adjusted accordingly.
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(at birth), two doses (at birth and 3 months) and extended
bNAb dosing every 3 months throughout breastfeeding.
Hybrid dosing approaches, in which high-risk and non-high-
risk infants are eligible to receive a different number of bNAb
doses, were also explored (see online Appendix; Figure A2).
In the model, we do not require HIV testing prior to bNAb
administration; however, prophylaxis is stopped if the infant
tests positive through routine HIV testing.

2.4 Outcomes

Modelled outcomes include cumulative HIV incidence and 5-
year survival, as well as discounted (3%/year) and undis-
counted life expectancy and lifetime per-person HIV-related
costs (in 2019 US dollars [USD]) from the healthcare system
perspective.

We chose a lifetime time horizon to capture the full clin-
ical and economic impacts of averting HIV infection among
children. We also multiplied projected cumulative HIV inci-
dence by the HIV-exposed birth cohort size to estimate the
number of HIV infections that would occur and would be
averted by each strategy relative to SOC. To calculate incre-
mental cost-effectiveness ratios (ICERs) in $/year-of-life saved
(YLS), we ordered strategies by ascending life expectancy and
divided the difference in discounted costs by the difference
in discounted life expectancy between non-dominated strate-
gies. Given controversies regarding cost-effectiveness thresh-
olds in resource-limited settings, we identified the most effec-
tive strategy with an ICER below thresholds of both 20% and
50% of gross domestic product (GDP) per capita (see online
Appendix; Table A3).

2.5 Model inputs

Country-specific HIV prevalence and maternal and infant HIV
care cascade characteristics were informed by UNAIDS esti-
mates, Demographic and Health Surveys, Multiple Indicator
Cluster Surveys and published literature (Table 1 and Table
A5) [1, 6–8, 10, 12, 19–64]. The three settings evaluated
in this analysis were chosen to reflect a range of mater-
nal awareness of chronic HIV infection (Côte d’Ivoire: 92%,
South Africa: 99% and Zimbabwe: 98%) [1, 26, 35, 36, 53],
ART uptake in pregnancy (Côte d’Ivoire: 87%, South Africa:
98% and Zimbabwe: 93%) [1], mean breastfeeding duration
(Côte d’Ivoire: 14 months, South Africa: 6 months and Zim-
babwe: 13 months) [35, 36, 51, 56] and 2019 GDP per capita
(Côte d’Ivoire: $2276, South Africa: $6001 and Zimbabwe:
$1464) [65]. The proportion of infants within each sub-cohort
was calculated using estimates of maternal HIV incidence and
prevalence, ART coverage and virologic suppression from pub-
lished data (Table 1). Data informing the natural history of
HIV, ART efficacy, EID cascade and HIV-related costs were
also taken from published literature (Table A5) [14, 15].

We assumed that 86% of HIV-exposed infants received
SOC prophylaxis in all three countries [57], with 75% and
71% efficacy against intrapartum and postnatal transmission,
respectively (Table 1, online Appendix; Table A1) [60, 66].
There are no published efficacy studies of bNAb prophy-
laxis among children. However, in the Antibody Mediated Pro-
tection (AMP) studies, HIV incidence with VRC01-sensitive

isolates was 75% lower among adults who received VRC01
than those who received a placebo [6]. Potent bNAbs alone
or in combination have neutralizing activity for 84–92% of
isolates in multiclade panels [10]. Therefore, we conserva-
tively assumed an average efficacy of 60% for the hypothet-
ical bNAb product against both intrapartum and postnatal
transmission, by assuming that bNAb prophylaxis would lead
to an approximate 75% reduction in transmission from the
estimated 84% of bNAb-susceptible circulating HIV strains.
In the base case, we applied bNAb efficacy equally to high-
risk and non-high-risk infants in the HIVE strategies, varying
it for each cohort separately in sensitivity analyses. In the
base case, we assumed that the bNAb prophylaxis effect dura-
tion is 3 months, based on pharmacokinetic studies [7, 8].
Our assumed bNAb cost of $60/dose was driven primarily
by estimated production costs (using the highest end of esti-
mates to reflect potential bNAb combination products), but
also includes cold-chain, overhead and personnel costs, based
on costs for vaccine delivery (see online Appendix; Table A2)
[12].

2.6 Sensitivity analyses

We conducted univariate and multivariate sensitivity analy-
ses to test the robustness of our findings to changes in
key parameters. Given the uncertainty around bNAb uptake,
efficacy, effect duration and costs, these inputs were varied
widely in univariate sensitivity analyses. We also investigated
the influence of uptake and efficacy of WHO-recommended
SOC prophylaxis; recognition of infants’ high-risk status;
breastfeeding duration; maternal retention in care and viro-
logic suppression; vertical transmission risks; EID uptake; pae-
diatric ART efficacy; and ART costs. In multivariate analyses,
we simultaneously varied bNAb efficacy and costs to iden-
tify which strategies would be cost-effective across a wide
array of hypothetical bNAb characteristics at both the 20%
and 50% GDP per capita thresholds.

3 RESULTS

3.1 Clinical outcomes

In the SOC strategy, cumulative HIV incidence among all
known HIV-exposed infants was projected to be 8.4%, 2.8%
and 6.3% in Côte d’Ivoire, South Africa and Zimbabwe,
respectively (Table 2 and Figure 2, Panels a, c and e), sim-
ilar to UNAIDS estimates (Table A6) [1]. Offering one dose
of bNAbs at birth to only high-risk HIV-exposed infants (HR-
HIVE–1-dose) would decrease projected cumulative HIV inci-
dence to 7.6%, 2.5% and 5.7%. Additional doses throughout
breastfeeding for high-risk infants (HR-HIVE-Extended) would
further reduce projected cumulative HIV incidence to 7.1%,
2.4% and 5.3%. In all three countries, extended bNAb dosing
throughout breastfeeding for all known HIV-exposed infants
(HIVE-Extended) would result in the lowest projected cumu-
lative HIV incidence at 6.3%, 1.9% and 4.1%. Even in this
most expansive bNAb strategy, the model projects that there
would be considerable ongoing vertical transmission related
to missed opportunities to prevent intrauterine transmis-
sion, incomplete bNAb uptake and efficacy, and suboptimal
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Table 1. Selected base-case model input parameters

Input parameter
Côte

d’Ivoire South Africa Zimbabwe Selected references

Maternal characteristics
Probability of acute HIV infection in pregnancy, % 1.2 3.3 1.9 [19–24]
Probability of known HIV status with acute/chronic infection
in pregnancy, %

56/92 55/99 70/98 [1, 25–32]

Received ART in pregnancy, % 87 98 93 [1]
HIV RNA ≤50/>1000 c/ml if on ART at delivery, % 58/23 66/14 69/9 [32–34]
Probability of delivering in a healthcare facility, % 70 96 76 [35–37]
Retention in HIV care at 6/12/24 months postpartum, % 87/87/79 88/87/79 88/87/79 [38]
HIV RNA <1000 c/ml among postpartum women on ART, by
month postpartum

77–92 77–92 77–92 [39–48]

Vertical transmission rates
Perinatal transmission rate, one-time %
Chronic maternal HIV infection in pregnancy
On ART, HIV RNA ≤50/50–1000/>1000 c/ml at delivery 0.24/1.45/4.14 [49]
Not on ART at delivery 19.70 [50]

Acute maternal HIV infection in pregnancy
On ART at delivery 8.33 [50]
Not on ART at delivery 18.10 [50]

Postnatal transmission rate, %/montha

On ART, HIV RNA ≤50/50–1000/>1000 c/ml 0.06/0.39/0.78 [49]
Not on ART 0.89 [50]

Infant cohort characteristics
Estimated number of known HIV-exposed infants born per
year (thousands)

35 368 50 Derived from [1, 19–26,
28–36, 51–54]

Breastfed infants, % of known HIV-exposed infants 97 66 94 [32, 35, 55]
Breastfeeding duration, mean (SD) month 14 (7) 6 (6) 13 (7) [35, 42, 51, 56]
Infants meeting WHO high-risk criteria at birth, % 44 19 24 Derived from [1, 19–26,

28–36, 51–53]
Infant HIV prophylaxis
Probability of receiving scheduled prophylaxis, %
SOC oral infant prophylaxis (NVP +/– ZDV)b 86 [57]
bNAb prophylaxis (varies by age)c 31–71 54–96 62–89 Assum. based on [35–37]

Efficacy against intrapartum/postnatal transmission, %
SOC oral infant prophylaxis (NVP +/– ZDV)b,d 75/71 [60, 66]
bNAb (in addition to efficacy of SOC) 60/60 Assum. based on [6, 10]

Duration of bNAb effect, month 3 Assum. based on [7, 8]
Costs (2019 USD)
Infant oral prophylaxis (NVP +/– ZDV), per month $7.19–$16.51 [61]
bNAb prophylaxis, per dose $60.00 Assum. based on [12,

62–64]
HIV test by NAAT/antibody $25.74/$4.01 [61]
Paediatric ART (range by age and weight, per month)
First line (LPV/r or EFV-based ART) $10.29–$18.12 [61]
Second line (DTG-based ART) $7.86–$15.84 [61]

Adult ART (per month)
First line (DTG-based ART) $5.30 [61]
Second line (PI-based ART) $23.15 [61]

Abbreviations: Assum., assumption; DTG, dolutegravir; EFV, efavirenz; LPV/r, ritonavir-boosted lopinavir; NAAT, nucleic acid amplification test;
PI, protease inhibitor; SD, standard deviation; SOC, standard of care.
aAll women included in this analysis are known to have HIV infection by delivery. Therefore, we did not model acute HIV infection during
breastfeeding.
bHigh-risk infants received dual oral infant prophylaxis with nevirapine (NVP) + zidovudine (ZDV) for 12 weeks. Non-high-risk infants received
NVP alone for 6 weeks.
cThe probability of receiving broadly neutralizing antibody (bNAb) prophylaxis was based on the probability of receiving World Health Organi-
zation (WHO) Expanded Programme on Immunization vaccines, by age at recommended immunization.
dA reduction in the risk of intrapartum transmission with use of oral infant prophylaxis was only applied to infants born to mothers who were
known to have HIV infection, but who were not on antiretroviral therapy (ART) at delivery. The impact of oral infant prophylaxis on intrapartum
transmission among mothers on ART at delivery is already captured in the on ART perinatal transmission estimates.
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(a) (b)

(c) (d)

(e) (f)

Figure 2. On the left-sided panels, projected cumulative HIV incidence (Y-axis) among all known HIV-exposed children by months since
birth (X-axis) is shown for each bNAb implementation strategy using the base case in the three country settings examined: Côte d’Ivoire
(Panel a), South Africa (Panel c) and Zimbabwe (Panel e). On the right-sided panels, the number of annual HIV infections averted (Y-axis)
relative to standard of care is shown for each bNAb implementation strategy (X-axis) in Côte d’Ivoire (Panel b), South Africa (Panel d)
and Zimbabwe (Panel f). Abbreviations: bNAb, broadly neutralizing antibody; HIVE, all HIV-exposed infants; HR-HIVE, high-risk HIV-
exposed infants.
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(a) (b)

(c) (d)

(e) (f)

Figure 3. We conducted a multivariate sensitivity analysis of the impact of bNAb cost per dose (X-axis) and bNAb efficacy per
dose (Y-axis) on the most cost-effective bNAb implementation strategy in each country setting at specified cost-effectiveness thresh-
olds. The most cost-effective bNAb implementation strategy was the strategy that offered the greatest increase in overall popula-
tion life expectancy while still having an ICER less than the cost-effectiveness threshold when compared to the next best-performing,
non-dominated strategy. Given the ongoing debate regarding the cost-effectiveness threshold at which interventions are afford-
able in resource-limited settings, we examined outcomes at both 20% GDP per capita (left panels) and 50% per GDP per capita

8

http://onlinelibrary.wiley.com/doi/10.1002/jia2.26052/full
https://doi.org/10.1002/jia2.26052


Dugdale CM et al. Journal of the International AIDS Society 2023, 26:e26052
http://onlinelibrary.wiley.com/doi/10.1002/jia2.26052/full | https://doi.org/10.1002/jia2.26052

maternal ART uptake postpartum. However, when scaled to
each country’s population, bNAb strategies would still avert
300–740 projected paediatric HIV infections in Côte d’Ivoire,
1140–3250 infections in South Africa and 300–1090 infec-
tions in Zimbabwe annually compared with SOC (Table 2 and
Figure 2, Panels b, d and f).

In all three countries, bNAb strategies would result in
slightly higher 5-year survival and longer life expectancy
among the whole population of all known HIV-exposed chil-
dren compared with SOC due to HIV infections averted
(Table 2). Undiscounted life expectancy among all known
HIV-exposed children would increase by 0.31–0.69 years
(Côte d’Ivoire), 0.15–0.43 years (South Africa) and 0.28–
0.95 years (Zimbabwe). Projected life expectancy gains with
bNAb strategies would be greater for the sub-cohort of high-
risk infants: 0.71–1.03 years (Côte d’Ivoire), 0.77–0.97 years
(South Africa) and 1.15–1.70 years (Zimbabwe) (Table A7).

3.2 Cost-effectiveness of implementation
strategies

Compared to SOC, HR-HIVE–1-dose would increase life
expectancy and reduce costs in all three countries (Table 2).
At the 20% GDP per capita cost-effectiveness threshold
(Côte d’Ivoire: $455/YLS, South Africa: $1200/YLS, Zim-
babwe: $293/YLS), the cost-effective bNAb implementation
strategy differs by country: HR-HIVE-Extended in Côte d’Ivoire
(ICER: $387/YLS), HIVE-Extended in South Africa (ICER:
$464/YLS) and HR-HIVE–1-dose in Zimbabwe (cost-saving). At
the 50% GDP per capita threshold (Côte d’Ivoire: $1138/YLS,
South Africa: $3001/YLS, Zimbabwe: $732/YLS), HIVE-
Extended is cost-effective in all three settings, with ICERs
of $497/YLS in Côte d’Ivoire, $464/YLS in South Africa
and $455/YLS in Zimbabwe, each compared to the next
non-dominated strategy.

3.3 Univariate sensitivity analyses

Throughout the ranges examined, bNAb strategies would
remain cost-effective in all three settings at both cost-
effectiveness thresholds, except when bNAb efficacy is
reduced to 10% (Tables A8–A36). For HIVE-Extended to retain
cost-effectiveness, bNAb efficacy among non-high-risk infants
would need to closely resemble base case bNAb efficacy
among high-risk infants in Côte d’Ivoire and Zimbabwe;
however, in South Africa, HIVE-Extended would remain cost-
effective if even bNAb efficacy among non-high-risk infants
were to drop to as low as 20% (Figure A3). Using the 20%
GDP per capita threshold, the cost-effective strategy changes
from that of the base case in at least two countries when
bNAb efficacy is ≤30%; bNAb cost is ≥$120/dose; or when
bNAb effect duration, postnatal transmission risk, maternal
retention in care or ART cost is varied (Tables A8–A36). For
example, when the bNAb effect duration is reduced to 1
month, the bNAbs programme value would diminish; the most

cost-effective strategy would become HR-HIVE–1-dose in Côte
d’Ivoire and Zimbabwe and HR-HIVE–2-doses in South Africa
(Table A13).

When the bNAb effect duration is lengthened to 6 months
(with every 6 months dosing frequency), HIVE-Extended would
become cost-effective in all settings at both thresholds. Aside
from scenarios in which bNAb efficacy is ≤40%, bNAb cost
≥$80/dose, bNAb effect duration is reduced to 1 month or
postnatal vertical transmission risk is halved, HIVE-Extended
remains consistently cost-effective in all settings using the
50% GDP per capita threshold.

3.4 Multivariate sensitivity analyses

BNAb strategies are cost-effective throughout a broad range
of bNAb costs and efficacy in all three countries (Table A38
and Figure 3). In Côte d’Ivoire, bNAb strategies are cost-
effective at all modelled costs ($20–$200/dose) if efficacy is
≥40% or ≥20% using a 20% or 50% GDP per capita thresh-
old, respectively (Figure 3, Panels a and b). In South Africa,
bNAbs strategies are cost-effective at all tested costs if effi-
cacy is ≥20% or ≥10% using a 20% or 50% GDP per capita
threshold, respectively (Panels C and D). In Zimbabwe, bNAbs
strategies are cost-effective at all tested costs if efficacy is
≥40% or ≥30% using a 20% or 50% GDP per capita thresh-
old, respectively (Panels E and F). If bNAb efficacy rose to 80–
100% as in vitro data suggest, then the HIVE-Extended strat-
egy would be cost-effective in all three settings at costs of
$60/dose or $100/dose using a 20% or 50% GDP per capita
threshold, respectively (Figure 3).

4 D ISCUSS ION

In this model-based analysis, we project that offering bNAb
prophylaxis to infants known to be HIV exposed could reduce
cumulative HIV incidence by 0.3–2.2% and would be cost-
effective when added to existing HIV prevention strategies
in Côte d’Ivoire, South Africa and Zimbabwe. Our projections
suggest that when considering the substantial lifetime HIV-
related costs and poor health outcomes averted by prevent-
ing vertical HIV transmission, bNAb strategies are likely to be
cost-effective in sub-Saharan African settings such as these,
even if bNAb efficacy is as low as 20–40%. Although identi-
fying high-risk HIV-exposed infants may pose operational chal-
lenges, offering these infants a birth dose of a bNAb with 60%
efficacy, 3-month effect duration and $60 cost would likely be
cost-saving in all three settings, compared to oral prophylaxis
without a bNAb.

While infant bNAb prophylaxis is likely to be cost-effective,
we found that the optimal target population and dosing
approach depended upon the specific care cascade vulnera-
bilities in each setting. In Côte d’Ivoire and Zimbabwe, fewer
than 95% of women with known HIV infection receive ART
in pregnancy, so overall transmission risks are highest in

(right panels) cost-effectiveness thresholds in the three country settings examined: Côte d’Ivoire (Panels a and b), South Africa (Pan-
els c and d) and Zimbabwe (Panels e and f). The white “X” in each panel reflects the base-case assumptions of 60% bNAb efficacy at a
cost of $60 per dose. Abbreviations: bNAb, broadly neutralizing antibody; GDP, gross domestic product; HIVE, all HIV-exposed infants;
HR-HIVE, high-risk HIV-exposed infants; ICER, incremental cost-effectiveness ratio.
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the intrapartum and early postnatal periods [1]. Prioritizing
a bNAb birth dose for high-risk HIV-exposed infants offers
greater relative value in these settings than in South Africa,
where 98% of women with known HIV receive ART in preg-
nancy [1]. With better ART uptake in pregnancy, the highest
transmission risks for the overall population in South Africa
are shifted towards the mid-to-late postnatal period when
maternal disengagement from care and ART non-adherence
become more prevalent among mothers of high-risk and non-
high-risk infants alike.

Resource constraints, partially reflected by GDP per capita,
also play a key role in determining the cost-effectiveness
of bNAb implementation strategies. Administering bNAbs
throughout breastfeeding to all known HIV-exposed infants
offers the greatest clinical benefit, with ICERs comparable to
other HIV prevention interventions currently funded by inter-
national donors and below the 50% GDP per capita threshold
in all three settings [67–69]. Without donor contributions, a
20% GDP per capita threshold may be more consistent with a
willingness to pay for health in low- and middle-income coun-
tries (see online Appendix; Table A3). At this threshold, the
cost-effective strategy in Côte d’Ivoire and Zimbabwe instead
only offers bNAbs to high-risk infants; more expansive pro-
grammes ceased to be cost-effective under base-case assump-
tions. This finding suggests that increased investment may be
necessary to meet the global commitment to eliminate vertical
transmission of HIV [1].

The optimal bNAb implementation approach depends upon
the efficacy, effect duration and costs of the specific product,
all of which remain uncertain. Although VRC01 was not effec-
tive at preventing overall sexual HIV acquisition in the AMP
studies, it did prevent infection with susceptible virus [6].
There are several bNAb products in development with much
higher potency and longer half-life than VRC01; they may pro-
vide improved efficacy and effect duration [10, 70]. Effective
HIV neutralization likely will require multiple bNAbs in combi-
nation [10], which could increase production costs. However,
we found that bNAb strategies would remain cost-effective
even if costs tripled from base-case assumptions. For a strat-
egy offering all children known to be HIV-exposed bNAbs
throughout breastfeeding to be cost-effective in a variety of
settings, target bNAb product characteristics would broadly
include a 3-month or longer duration of effect, cost of $60 or
less per dose and efficacy of at least 50%.

Beyond cost-effectiveness, other crucial logistic consider-
ations may impact bNAb programmes. For example, imple-
menting a national bNAb programme would require train-
ing providers in maternal–child health clinics to give subcu-
taneous injections, monitor for adverse reactions and coun-
sel patients about using bNAbs alongside existing approaches
to vertical HIV transmission prevention. Alternatively, bNAbs
could be delivered through scaled-up Expanded Programme
on Immunization services where similar injections are already
routinely administered and vaccine cold chain systems are in
place. Operationally, accurate identification of high-risk HIV-
exposed infants is challenging [71], so bNAb strategies that
focus on high-risk infants would likely fail to provide bNAb
prophylaxis to many eligible infants, unless systems to iden-
tify these infants are improved. The rollout of a bNAb pro-
gramme would also require substantial political will and pub-

lic health messaging campaigns. However, the implementation
of hepatitis B virus (HBV) immunoglobulin at birth to HBV-
exposed infants in many resource-limited settings could pro-
vide a blueprint for bNAb implementation [2].

Our analysis has several limitations. First, bNAb product
characteristics remain uncertain, as while there are several
promising candidates in the late stages of development, no
bNAbs have yet been brought to market [7, 8, 10, 11].
However, based on our projections, bNAbs would be cost-
effective in sub-Saharan settings similar to the three we evalu-
ated throughout a broad range of plausible costs and efficacy
assumptions. Second, we assumed that present-day maternal
and infant HIV care cascade characteristics and recommended
antiretroviral regimens would be static over time. Improve-
ments in ART coverage in pregnancy, ART adherence, or post-
partum retention in care, or implementation of more effec-
tive regimens for treatment and prophylaxis, such as emerging
long-acting antiretrovirals, could reduce the potential added
value of bNAb prophylaxis. Absent these improvements, we
found that even if bNAbs were offered to all children known
to be HIV exposed throughout breastfeeding, vertical HIV
transmission rates would remain unacceptably high. Renewed
efforts to promote early HIV diagnosis, prompt treatment ini-
tiation and engagement in the care of pregnant and lactat-
ing women are also needed to eliminate vertical HIV trans-
mission. However, our results suggest that bNAbs would be
an impactful and cost-effective addition to a portfolio of inter-
ventions needed to achieve the elimination of vertical trans-
mission. Lastly, we did not consider universal strategies involv-
ing offering bNAbs to all infants born in high-burden set-
tings, irrespective of known HIV exposure at birth, and, there-
fore, did not assess the potential impact of reducing vertical
transmission related to unrecognized maternal HIV infection
or acute maternal HIV infection postpartum. In settings where
knowledge of maternal serostatus is low, or acute HIV infec-
tion during pregnancy or breastfeeding is common, offering
bNAbs to all infants at birth might offer good value.

5 CONCLUS IONS

Throughout a wide range of plausible cost and efficacy
assumptions, bNAb prophylaxis for HIV-exposed children in
various sub-Saharan African settings would be a cost-effective
intervention to prevent vertical HIV transmission. Clinical
studies of the pharmacokinetics, safety, tolerability and poten-
tial efficacy of novel bNAb products for infant prophylaxis
should be prioritized.
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Additional information may be found under the Supporting
Information tab for this article:
Table A1: Literature review on the efficacy of VRC01 against
infant transmitted/founder viruses.
Table A2: Itemized costs included in modeled bNAb cost/dose.
Table A3: Cost-effectiveness thresholds for LMICs proposed
in published literature Cost-effectiveness threshold (in % GDP
per capita).
Table A4: Consolidated Health Economic Evaluation Report-
ing Standards (CHEERS) checklist.
Table A5: Extended model input parameters.
Table A6: Comparison of CEPAC-P infant HIV incidence pro-
jections with other nationally representative published esti-
mates.
Table A7: Clinical and economic outcomes of bNAb adminis-
tration program, by infant risk status.
Table A8: Scenario analysis: bNAb does not reduce intra-
partum transmission (base case: 60% reduction).
Table A9: Scenario analysis: intrapartum transmissions
accounts for 67% of all perinatal transmissions (base case:
33%).
Table A10: Scenario analysis: proportion of high-risk infants
recognized as being high-risk (base case: 100%).
Table A11: One-way sensitivity analysis: bNAb efficacy
against intrapartum and postpartum transmission.
Table A12: One-way sensitivity analysis: bNAb cost.
Table A13: One-way sensitivity analysis: bNAb effect dura-
tion.
Table A14: One-way sensitivity analysis: bNAb toxicity.
Table A15: One-way sensitivity analysis: bNAb uptake.
Table A16: One-way sensitivity analysis: proportion of moth-
ers on antiretroviral therapy during pregnancy.
Table A17: One-way sensitivity analysis: proportion of moth-
ers with viral load <1,000 copies/mL at delivery.
Table A18: One-way sensitivity analysis: perinatal vertical
transmission risk.

Table A19: One-way sensitivity analysis: breastfeeding dura-
tion.
Table A20: One-way sensitivity analysis: postpartum vertical
transmission risk.
Table A21: One-way sensitivity analysis: postpartum maternal
retention in care.
Table A22: One-way sensitivity analysis: postpartum maternal
virologic suppression.
Table A23: One-way sensitivity analysis: antiretroviral therapy
treatment cost.
Table A24: One-way sensitivity analysis: infant oral prophy-
laxis adherence.
Table A25: One-way sensitivity analysis: infant oral prophy-
laxis cost.
Table A26: One-way sensitivity analysis: infant oral prophy-
laxis efficacy.
Table A27: One-way sensitivity analysis: infant oral prophy-
laxis major toxicity leading to discontinuation.
Table A28: One-way sensitivity analysis: birth early infant
diagnosis uptake.
Table A29: One-way sensitivity analysis: six to eight week
early infant diagnosis uptake.
Table A30: One-way sensitivity analysis: six/nine month early
infant diagnosis uptake.
Table A31: One-way sensitivity analysis: 18 month early
infant diagnosis uptake.
Table A32: One-way sensitivity analysis: overall early infant
diagnosis uptake.
Table A33: One-way sensitivity analysis: early infant diagnosis
result return rate, return time, & linkage to care.
Table A34: One-way sensitivity analysis: bNAb reduction in
nucleic acid amplification test sensitivity.
Table A35: One-way sensitivity analysis: bNAb reduction in
antibody test specificity (stop bNAb if positive).
Table A36: One-way sensitivity analysis: bNAb reduction in
antibody test specificity (continue bNAb if positive).
Table A37: One-way sensitivity analysis: 1st-line pediatric
antiretroviral therapy efficacy.
Table A38: Minimum bNAb efficacy required for cost-
effectiveness (50% GDP per capita) of a HIVE-Extended strat-
egy for a variety of product characteristics across all 3 set-
tings.
Figure A1: CEPAC-P infant postnatal HIV prophylaxis module
flowchart.
Figure A2: Cost-effectiveness frontier of hybrid bNAb admin-
istration strategies.
Figure A3: The influence of bNAb efficacy for non-high risk
infants on the ICER value of the HIVE-Extended strategy (high-
risk bNAb efficacy = 60%).
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