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Abstract

One of the five high-level goals under Phase V of the National AIDS and STD Control Pro-

gramme (NACP) of the Government of India is the elimination of vertical transmission of

HIV. In this paper, we estimate the potential impact of maintaining and enhancing the anti-

retroviral treatment under the NACP in terms of averting new infections and vertical trans-

mission rates vis-à-vis no intervention scenario. We used India’s HIV Estimates 2022 mod-

els to create treatment coverage scenarios of no interventions, status quo, business as

usual, on-track and fast-track scenarios from 2023 to 2030. Our analysis indicates that fast-

tracking scale-up of treatment services would avert almost 41000 child infections from 2023

to 2030 leading to a vertical transmission rate of around 7.70% in 2030 vis-a-vis no interven-

tions scenario. Higher and sustained ART coverage would not only take the country closer

to the elimination goals but would also prevent thousands of vertical transmissions, thus

bringing a lot of benefits to HIV-positive pregnant women and their families. Supported by

efforts for the prevention of new infections in the general population, India is on track for the

attainment of elimination of vertical transmission of HIV by 2030.

Introduction

Countries around the world are committed to attaining the elimination of vertical transmis-

sion of HIV (EVTH), inter alia, as a core component of reaching the 95-95-95 targets by 2025

and ending AIDS as a public health threat by 2030 [1,2]. The elimination target aims to have at
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least 95% anti-retroviral therapy (ART) coverage for pregnant women living with HIV. Attain-

ment of this treatment target would result in a vertical HIV transmission (VHT) rate of<2%

in non-breastfeeding populations OR<5% in breastfeeding populations, a key impact bench-

mark [3].

In many circumstances, these targets are considered aspirational with only 16 countries val-

idated for EVTH till 2023 [4,5]. However, world leaders and UN organisations have advocated

for higher benchmarks to respond to the elimination potential of vertical transmission. As a

result, more and more countries have started to include EVTH-related indicators under high-

level targets and goals; India being one among them [6–10].

Presently, phase V of the National AIDS and STD Control Programme (NACP Phase-V) is

under implementation in India. The phase has been designed through a consultative process

involving various stakeholders and is funded through the domestic budget of the Government

of India. It has five high-level goals and 23 output/outcome targets to anchor the national

response till 2025–26. Elimination of vertical transmission of HIV and Syphilis is explicitly

stated as Goal 3 of NACP Phase-V.

India’s efforts for prevention and elimination of vertical transmission of HIV have been

anchored by a comprehensive four-pronged strategy. This strategy emphasizes the primary

prevention of HIV (prong 1), the prevention of unintended pregnancies (prong 2), the preven-

tion of vertical transmission from women living with HIV to their babies (prong 3), and the

provision of care, support, and treatment for women living with HIV and their children

(prong 4) [11]. Among all, prong 3 is the most critical to impact the vertical transmission rates

[12]. While noteworthy progress has been made under the NACP on the road to elimination,

there is still a long way to go with ART coverage among HIV-positive women at 77% and

VHT rate at 19.9% [13].

In this paper, we aim to quantify the impact of the incremental changes to the current treat-

ment coverage of HIV-positive pregnant women on the vertical transmission rate using the

UNAIDS-recommended ‘Spectrum’ modelling tool. We also aim to understand the epidemio-

logic impact of these changes on vertical infections averted between 2023 and 2030 for incre-

mental changes. The paper is intended to provide evidence to policymakers, funders, and

development partners in funding scaled-up interventions while firming up the roadmap

towards the attainment of EVTH.

Methods

HIV burden estimations in India

HIV burden estimation in India is done using the DemProj (Demography) and AIDS Impact

Model (AIM) modules of the Spectrum Policy Modeling Software [14]. Under the direction of

the UNAIDS Reference Group on Estimates, Modeling, and Projections, the AIM module is

updated regularly. The reference group’s website (www.epidem.org) and the software develop-

er’s website (https://avenirhealth.org/software-spectrum.php) provide the details of the

updates.

In India, the models are prepared for each State and Union Territory (UT) separately. Over-

all, 34 models are developed. DemProj module is used to project the population for each State/

UT by age and sex, based on assumptions about fertility, mortality, and migration. After pro-

jecting the demographics, the AIM module is used to project the consequences of the HIV epi-

demic, including the number of people living with HIV, new infections, and AIDS deaths by

age and sex, as well as the need of the services for elimination of vertical transmission. We

used the State/UT-specific model prepared for the 2022 round through Spectrum 6.24 of HIV

Estimations in India under NACP as a starting point for developing the scenario for treatment
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coverage between 2023 and 2030 and then used the ‘Aggregate Uncertainty tool’ for State/UTs

models in each scenario to model the national-level impact of each scenario on the vertical

HIV transmission rate.

Vertical transmission

The details for the method, including inputs and calculations, of the vertical transmission rate

under the AIM module of the Spectrum have been described elsewhere [15–18]. In brief,

demographic, programmatic, and HIV prevalence data among people aged 15 to 49 is first

entered into the Model. The model then uses the input data, along with assumptions about

CD4 progression and survival both on and off anti-retroviral treatment (ART), to convert

prevalence trends into incidence trends. Based on data from community-based surveys or the

type of epidemic, the incidence estimates are then broken down by age and sex to estimate the

size of people living with HIV by sex and by age group.

Fertility rates for women living with HIV (WLHIV) in the 15–49 age group are modified to

account for the effects of HIV infection. The adjusted overall fertility rates and the age distribu-

tion of fertility in each age group are multiplied by the number of WLHIV in that age group to

estimate WLHIV in need of EVTH-related services.

The model then estimates the vertical transmission of HIV depending upon the transmis-

sion probabilities which vary by coverage of the prophylaxis/treatment group separately for

the pregnancy and delivery period (perinatal) and breastfeeding (postnatal) period. For each

month the infant is breastfed, a monthly transmission probability is applied to estimate the

cases of postnatal transmission except for the incident infections. The perinatal and postnatal

transmission probabilities for different ART regimens and different CD4 levels of the mothers

have been presented in Table 1. Fig 1 summarizes the calculation of vertical transmission [15].

Scenarios

For the present study, we developed five scenarios of treatment coverage and retention rate

between 2023 and 2036: No intervention scenario (SC0), Status quo scenario (SC1), business

as usual scenario (SC2), on-track scenario (SC3), and fast-track scenario (SC4) (Table 2). In

Table 1. Perinatal and postnatal transmission probabilities by antiretroviral drug (ARV) regimens.

Regimen Perinatal Breastfeeding (per month)

< 350 > = 350

No prophylaxis

Existing infections

CD4 < 200 37 0.89

CD4 200–350 27 0.81

CD4 > 350 15 0.51

Incident infections 18.1 26.9 (one-time event) 26.9 (one-time event)

Single dose nevirapine 7.5 0.99 0.4

WHO 2006 dual ARV regimen 2.2 0.18 0.18

Option A 4.1 0.2

Option B 1.9 0.13

ART

Started before pregnancy 0.26 0.02

Started during pregnancy > 4 weeks 1.4 0.11

Started during pregnancy < 4 weeks 8.2 0.2

https://doi.org/10.1371/journal.pgph.0003702.t001
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each intervention scenario, we kept the rates stable once the level of 95% was achieved. State/

UT-wise coverage in each scenario is available in supplementary tables. Comparisons were

made against the status quo scenario vis-à-vis different intervention scenarios to demonstrate

the impact.

In no intervention scenario (SC0), no ART was provided for the elimination of vertical

transmission across the projection period. This scenario predicts vertical transmission assum-

ing that ART has never been made available to prevent vertical transmission. This scenario

forms the base scenario to quantify the impact of each intervention scenario.

The status quo scenario (SC1) assumes the ART treatment coverage and retention rate at

their 2022 values throughout the projection period of 2023 to 2036. State/UT-wise coverage in

each scenario is available in S1 Table.

Fig 1. Summary of calculation for estimation of vertical transmission of HIV in Spectrum.

https://doi.org/10.1371/journal.pgph.0003702.g001

Table 2. Treatment and retention coverage by scenario.

Scenario Description

No intervention

(SC0)

No ART is provided to prevent vertical transmission at any point.

Status quo (SC1) ART treatment coverage and retention rate kept at their 2022 values throughout the

projection period of 2023 to 2036.

Business-as-usual

(SC2)

ART treatment and retention coverage is projected for the future years with 5% increase

every year from the value of 2022. Rates were kept stable for future years once the level of

95% was achieved.

On-track (SC3) ART treatment and retention coverage linearly modified to attain 95% by 2027. Rates were

kept stable for future years once the level of 95% was achieved.

Fast-track (SC4) ART treatment and retention coverage linearly modified to attain 95% by 2025. Rates were

kept stable for future years once the level of 95% was achieved.

https://doi.org/10.1371/journal.pgph.0003702.t002
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In the business-as-usual scenario (SC2), we increased treatment coverage by 5% per year,

consistent with national increase in treatment coverage between 2021 and 2022, from 2022

onwards with stabilization at 95% once achieved. State/UT-wise coverage in scenario 2 is avail-

able in S2 Table.

For the on-track scenario (SC3) and fast-track scenario (SC4), coverage and retention rates

were linearly modified to attain 95% by 2027 and 2025 respectively with the rates stable after-

wards. State/UT-wise coverage in scenarios 3 and 4 is available in S3 and S4 Tables.

We aggregated State/UT models of each scenario using the ‘Aggregate Uncertainty tool’ of

Spectrum to develop the national-level impact projections for the given scenario. For the

national model in each scenario, we generated the number of new child infections due to verti-

cal transmission and vertical transmission rate (including that of the breastfeeding period) for

each of the projection periods. To assess the impact of the different scenarios, the fraction of

vertical HIV infections prevented over 2023 to 2030 was estimated by comparing the cumula-

tive number of vertical infections between each specific scenario vis-à-vis no intervention sce-

nario (SC0). The vertical transmission rate refers to the percentage of children born to HIV

+ mothers who will eventually be infected through vertical routes and includes perinatal trans-

mission and up to 36 months of breastfeeding.

Ethics statement

Surveillance of HIV and related co-infections is an essential component of the range of strate-

gic information-related activities conducted by the Government of India’s National AIDS

Control Organization (NACO) under the NACP [19]. Using the integrated and enhanced sur-

veillance & epidemiology (IESE) framework and engaging ten government public health insti-

tutes, this activity is carried out following the provisions under the HIV & AIDS (Prevention

and Control) Act, 2017 of the Government of India. The participating institutes present the

technical framework for activities under IESE to their separate ethical committees for

approval. Participants’ informed consent is accordingly obtained for bio-behavioural data col-

lection and subsequent analysis to inform the national programme. After every round of sur-

veillance, NACO estimates the HIV burden using aggregated, de-identified data. The results of

the HIV burden exercise are published periodically [20–22]. As this study used aggregated de-

identified outputs generated through the HIV Estimations 2022 model, ethical approval was

not required.

Results

In the absence of any anti-retroviral therapy (ART) for HIV-positive pregnant women, new

infections through the vertical route would decline from 8,300 (5,100–13,050) in 2023 to 5,600

(3,450–8,800) in 2030 while the vertical transmission rate would decline from 40.80%

(27.90%-58.30%) to 35.30% (26.30%-46.80%). Approximately 54,800 (33,600–86,150) new

infections through the vertical route will happen in 8 years between 2023 and 2030 if no ART

is being provided to HIV-positive pregnant women (No intervention scenario, SC0) (Table 3

and Figs 2–4).

In the status quo scenario (SC1), in which ART treatment and retention rates are kept at

the same level as that of the 2022 level, the number of children getting infected with HIV

through the vertical route decreased from 3,500 (2,150–5,500) in 2023 to 2,350 (1,450–3,750)

in 2030 with vertical transmission rate declining from 17.20% (11.80%-24.60%) to 14.90%

(11.10%-19.70%) (Fig 2). Overall, around 23,200 (14,150–36,600) new infections due to verti-

cal transmission will happen if coverage were maintained at the 2022 level. This is around

57.60% lower than the no-intervention scenario (Table 3 and Figs 2–4).
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In the business-as-usual scenario (SC2), where treatment and retention gradually increased

over the years based on the observed trend in treatment coverage during 2020 and 2022,

annual new infections because of vertical transmission decreased from 3,100 (1,900–4,850) in

2023 to 1,450 (900–2,250) in 2030. The vertical transmission rate in the same period decreased

from 15.20% (10.40%-21.70%) to 9.00% (6.70%-11.90%). Overall, around 16,500 (10,200–

26,100) new infections due to vertical transmission would happen in this business-as-usual

scenario, 69.80% lower than the no-intervention scenario and 28.80% lower than the status

quo scenario (Table 3 and Figs 2–4).

In the on-track scenario (SC3), where coverage and retention rates were linearly modified

to attain 95% by 2027, annual vertical infections decreased from 3,200 (1,950–5,000) in 2023 to

1,250 (750–1,950) in 2030 with vertical transmission rate declining from 15.70% (10.70%-

22.40%) to 7.70% (5.80%-10.30%). Cumulatively, around 15,450 (9,450–24,250) new vertical

transmissions will happen over 8 years in the ‘on-track’ scenario, lower by 71.80%, 33.60% and

6.70% vis-à-vis no intervention, status quo, and business as usual scenario respectively

(Table 3 and Figs 2–4).

In the fast-track scenario (SC4), where coverage and retention rates were linearly modified

to attain 95% by 2025, annual vertical infections decreased from 2,950 (1,800–4,650) in 2023 to

1,250 (750–1,950) in 2030 with vertical transmission rate declining from 14.50% (9.90%-

20.80%) to 7.70% (5.80%-10.30%). Cumulatively, around 13,800 (8,450–21,700) new vertical

transmissions will happen over 8 years in the ‘fast-track’ scenario, lower by 74.70%, 40.40%,

16.30% and 10.30% vis-à-vis no intervention, status quo, business as usual and on-track sce-

nario respectively (Table 3 and Figs 2–4).

Table 3. New infections and vertical transmission rate by scenarios.

Indicator Year

2022 2023 2024 2025 2026 2027 2028 2029 2030

No intervention (SC0) scenario

New child infections due to

vertical transmission

8700 (5350–

13700)

8300 (5100–

13050)

7850 (4800–

12350)

7350 (4500–

11550)

7000 (4300–

11000)

6550 (4000–

10300)

6250 (3800–

9800)

5900 (3650–

9300)

5600 (3450–

8800)

Vertical transmission rate (%) 41.9 (25.2–

64.6)

40.8 (27.9–

58.3)

39.3 (30.8–

50.2)

37.6 (28.5–

47.4)

36.8 (28.6–

47)

35.7 (27.9–

46.8)

35.6 (27.8–

48.1)

35.5 (27.3–

48.3)

35.3 (26.3–

46.8)

Status quo (SC1) scenario

New child infections due to

vertical transmission

4150 (2550–

6500)

3500 (2150–

5500)

3300 (2000–

5200)

3150 (1900–

4950)

2950 (1800–

4700)

2800 (1700–

4400)

2650 (1600–

4150)

2500 (1550–

3950)

2350 (1450–

3750)

Vertical transmission rate (%) 19.9 (12–

30.7)

17.2 (11.8–

24.6)

16.5 (12.9–

21.1)

16 (12.1–

20.2)

15.6 (12.2–

20)

15.2 (11.9–

19.9)

15 (11.7–

20.2)

14.9 (11.5–

20.3)

14.9 (11.1–

19.7)

Business-as-usual (SC2) scenario

New child infections due to

vertical transmission

4150 (2550–

6500)

3100 (1900–

4850)

2550 (1600–

4050)

2250 (1400–

3600)

2050 (1250–

3250)

1850 (1150–

2950)

1700 (1050–

2700)

1550 (950–

2450)

1450 (900–

2250)

Vertical transmission rate (%) 19.9 (12–

30.7)

15.2 (10.4–

21.7)

12.9 (10.1–

16.5)

11.6 (8.8–

14.7)

10.8 (8.4–

13.8)

10.1 (7.9–

13.3)

9.7 (7.6–

13.1)

9.3 (7.2–

12.7)

9.0 (6.7–

11.9)

On-track (SC3) scenario

New child infections due to

vertical transmission

4150 (2550–

6500)

3200 (1950–

5000)

2700 (1650–

4250)

2300 (1400–

3600)

1850 (1150–

2900)

1450 (900–

2300)

1400 (850–

2200)

1300 (800–

2050)

1250 (750–

1950)

Vertical transmission rate (%) 19.9 (12–

30.7)

15.7 (10.7–

22.4)

13.5 (10.6–

17.2)

11.6 (8.8–

14.7)

9.7 (7.6–

12.4)

7.9 (6.2–

10.4)

7.9 (6.1–

10.6)

7.9 (6–10.7) 7.7 (5.8–

10.3)

Fast-track (SC4) scenario

New child infections due to

vertical transmission

4150 (2550–

6500)

2950 (1800–

4650)

2250 (1400–

3550)

1650 (1000–

2600)

1550 (950–

2450)

1450 (900–

2300)

1400 (850–

2150)

1300 (800–

2050)

1250 (750–

1950)

Vertical transmission rate (%) 19.9 (12–

30.7)

14.5 (9.9–

20.8)

11.4 (8.9–

14.5)

8.5 (6.4–

10.7)

8.2 (6.4–

10.5)

7.9 (6.2–

10.4)

7.9 (6.1–

10.6)

7.8 (6–10.7) 7.7 (5.8–

10.3)

https://doi.org/10.1371/journal.pgph.0003702.t003
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Fig 2. New infections and vertical transmission rate by scenarios.

https://doi.org/10.1371/journal.pgph.0003702.g002
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Fig 4. Cumulative number of new HIV infections through vertical transmission and infections averted between 2023 and 2030 in different scenarios.

https://doi.org/10.1371/journal.pgph.0003702.g004

Fig 3. New HIV infections through vertical transmission in different scenarios.

https://doi.org/10.1371/journal.pgph.0003702.g003
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Discussion

The goal of eliminating vertical transmission of HIV is crucial to India’s pledge to end AIDS as

a public health threat by 2030. The analysis provided herein demonstrates a marked decrease

in vertical transmission, a direct result of the initiatives undertaken through the National

AIDS and STD Control Programme of the Government of India. Maintaining the current

level of programme coverage is projected to avert approximately 31,600 new infections in chil-

dren from 2023 to 2030, in contrast to an estimated 54,800 child infections that would have

occurred in the absence of any intervention. By maintaining the current ART treatment and

retention level, the vertical transmission rate in 2030 would be as high as around 14.90%

(11.10%-19.70%), much higher than the target of<5%. Upscaling treatment coverage would

be key to taking the country closer to the elimination goals.

Our study suggests that if the programme continues to increase the coverage in line with

the recent trends, the vertical transmission rate would be as low as 9.00% (6.70%-11.90%) in

2030 averting around 38,300 new child infections. If every State/UT attains the treatment cov-

erage and retention of 95% by 2027 and maintains the level afterwards, the vertical transmis-

sion rate would be at 7.70% (5.80%-10.30%) in 2030 averting around 39,300 child infections. If

95% treatment and retention can be achieved by 2025 and maintained subsequently, the verti-

cal transmission rate would be as low as 7.70% (5.80%-10.30%) in 2030 while averting around

41,000 child infections.

However, even in the most ambitious fast-track scenario, the vertical transmission rate in

2030 would be higher than the target of<5% establishing that attainment of the elimination

goal would not be possible through ART alone as transmission through breastfeeding also

plays a critical role. Around 40% of the total vertical transmissions in India are estimated to

occur in the post-natal period [13,18]. Prolonged breastfeeding beyond 12 months, even when

the mother is on ART, is associated with an increased risk of vertical transmission. Given the

context, the role of breastfeeding practices in vertical transmission has been heavily debated

and suggestions have been made to limit the duration of breastfeeding with ART to 12 months.

In selected settings, acceptable, feasible, affordable, sustainable, and safe substitutes for breast-

feeding exist, provided that mothers receive proper counselling [23–26]. However, in countries

such as India, the total eschewal of breastfeeding represents a complex intervention and is not

recommended given its correlation with increased rates of non-HIV morbidity and mortality.

Additional gains in reductions of vertical transmission may be made by augmenting focus

on prong 1 of primary prevention and prong 2 of meeting the unmet need for family planning

among women living with HIV. The risk of vertical transmission for incident infections during

pregnancy or breastfeeding is quite high as extraordinarily high maternal viral load during

incident infections would result in more transmission. Around 18% of the total vertical trans-

missions in India are estimated to be among incident maternal infections, either during preg-

nancy or breastfeeding [13,18]. While the overall incidence rate in India is already very low, it

maintains a declining trajectory and any further progress on primary prevention would further

improve the progress on elimination of vertical transmission. Reducing the unmet need for

family planning has a role in attainment of the elimination of the vertical transmission of HIV

[7,8,12]. Understanding the magnitude and reasons for the unmet need and implementing

specific activities to reduce unintended pregnancies will further help NACP in attaining

EVTH.

The study indicates a huge gain made by the National AIDS and STD Control Programme

in India. Studies conducted in various regions have demonstrated that preventing vertical

transmissions is highly cost-effective, yielding significant savings in both direct and indirect

costs for families and society at large [27–30]. The return on investment has been noted to be
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as high as 88.4, indicating that every US$ 1 invested yielded approximately US$ 88.4 in benefits

[31]. An investment of US$ 49 million in a PMTCT (Prevention of Mother-To-Child Trans-

mission) program in another region successfully averted an estimated 2,725 new pediatric

HIV infections. This intervention resulted in an estimated savings of US$ 0.5 billion in treat-

ment expenditures for the healthcare system and nearly US$ 3.9 billion in productivity gains.

Limitations

Our analysis provides an opportunity to understand the potential impact of the scaling up of

the ART treatment coverage among HIV-positive women on the estimated number of vertical

transmissions during 2023–2030 from the 2022 round of HIV burden estimations in India.

However, there are limitations which need to be considered to put the results in context and

have been described previously, in general as well as in the context of estimation of vertical

transmission of HIV in India [18,32].

In brief, limitations are inherent to the Spectrum model but also arise from input data.

Many assumptions on the fertility rates and transmission probabilities are based on the global

cohort studies with limited to no study sites in India. There is limited evidence on the valida-

tion of assumptions and modelled vertical transmission infections and rates. Also, the model

considers vertical transmission as the only mode of transmission in the pediatric population

and does not take into account the potential horizontal transmission. Scarce India-specific

data on ART adherence and retention among HIV-positive mothers as well as breastfeeding

patterns also contributes to limitations.

Conclusion

Despite the limitations, to the best of our knowledge, the analysis presented in this paper is the

first of its kind to quantify the potential impact of the scaling-up of the treatment coverage

among vertical transmission in India. The analysis establishes that India is on track to attain

the elimination of vertical transmission of HIV as a core component of the 2030 goal of ending

AIDS as a public health threat by 2030. Fast-tracking scale-up of treatment services would

avert almost 41000 child infections vis-à-vis no intervention scenario with a vertical transmis-

sion rate of around 7.70% (5.80%-10.30%) in 2030. Coupled with ongoing programmatic

efforts on primary prevention and reduction of unmet need for family planning, evidence indi-

cates that the country is set to attain the elimination of vertical transmission on or before 2030.

As the attainment of vertical transmission of HIV will take an enormous amount of effort and

resources from the government, the quantification of the potential impact would provide

insights not only into the progress on the committed targets but also into the return of invest-

ment from a financial perspective. Sustained focus on and evolution of availability of EVTH-

related strategic information under NACP as an overarching pillar through the complement-

ing systems of programme monitoring, surveillance & epidemiology and research is required

to augment the country’s progress on elimination of vertical transmission.
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