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Background & objectives: The National AIDS Control Organisation (NACO) and the ICMR-National
Institute of Medical Statistics, the nodal agency for conducting HIV estimations in India, have been
generating HIV estimates regularly since 2003. The objective of this study was to describe India’s
biennial HIV estimation 2017 process, data inputs, tool, methodology and epidemiological assumptions
used to generate the HIV estimates and trends of key indicators for 2010-2017 at national and State/
Union Territory levels.

Methods: Demographic Projection (DemProj) and AIDS Impact Modules (AIM) of Spectrum 5.63
software recommended by the United Nations Programme on HIV and AIDS Global Reference
Group on HIV Estimates, Modelling and Projections, were used for generating HIV estimations on key
indicators. HIV sentinel surveillance, epidemiological and programme data were entered into Estimation
Projection Package (EPP), and curve fitting was done using EPP classic model. Finally, calibration was
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done using the State HIV prevalence of two rounds of National Family Health Survey (NFHS) -3 and -4
and Integrated Biological and Behavioural Surveillance (IBBS), 2014-2015.

Results: The national adult prevalence of HIV was estimated to be 0.22 per cent in 2017. Mizoram,
Manipur and Nagaland had the highest prevalence over one per cent. An estimated 2.1 million people
were living with HIV in 2017, with Maharashtra estimated to have the highest number. Of the 88
thousand annual new HIV infections estimated nationally in 2017, Telangana accounted for the largest
share. HIV incidence was found to be higher among key population groups, especially people who inject
drugs. The annual AIDS-related deaths were estimated to be 69 thousand nationally. For all indicators,
geographic variation in levels and trends between States existed.

Interpretation & conclusions: With a slow decline in annual new HIV infections by only 27 per cent from
2010 to 2017 against the national target of 75 per cent by 2020, the national target to end AIDS by 2030
may be missed; although at the sub-national level some States have made better progress to reduce
new HIV infection. It calls for reinforcement of HIV prevention, diagnosis and treatment efforts by
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geographical regions and population groups.
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The National AIDS Control Organisation
(NACO), Ministry of Health and Family Welfare,
and the ICMR-National Institute of Medical Statistics
(ICMR-NIMS), the nodal agency for conducting HIV
estimations in India, have been providing critical data
on the HIV epidemic regularly since 2003. These
data help to inform the strong public health response
to HIV in India and have remained a key source
for planning and the decision-making processes of
India’s National AIDS Control Programme (NACP)'.
HIV estimates in India are generated using tools
and methods recommended by the United Nations
Programme on HIV and AIDS (UNAIDS) Global
Reference Group on HIV Estimates, Modelling
and Projections®’. However, the assumptions and
parameters for modelling are specifically anchored
using country data, with the most current data used
as inputs. The HIV Sentinel Surveillance (HSS) was
launched in 1998 at 180 sites and over time expanded
to 1800 sites by 2017 under various sequential
phases of the NACP for geographical and population
representativeness®>.

The indigenous spreadsheet method® was utilized
from 1998 to 2005 and from 2006, the UNAIDS/
WHO-recommended Workbook and Spectrum
software-based method? was adopted. In 2006, the
first change included a refinement in assumptions
used in spreadsheet method and a decision to stop
using HIV prevalence data from sexually transmitted
diseases sites and use only HSS data from key
population-specific sites to address the potential issue
of double counting. Second, HIV prevalence data
from the large-scale community-based population

survey National Family Health Survey 3 (NFHS-3)°
were used to calibrate the overall epidemic curve. As
a result, the quality of estimates improved in 2006,
and numbers were revised as compared to the 2005
results’.

The UNAIDS/WHO Workbook and Spectrum
software’ were adopted and used for 2006 and 2007
estimations. From 2008 onwards, the UNAIDS Global
Reference Group on HIV Estimations, Projections
and Modelling-recommended method of using the
Estimation and Projection Package (EPP) and Spectrum
software were adopted for global comparability®’. For
each round of estimations, newer updated versions of
Spectrum based on recent data and assumptions were
used.

The Spectrum software includes various modules,
of which the DemProj for demographic projections
and AIDS Impact Module (AIM)! for estimating the
impact of the epidemic were used. Wherever Indian
data were not available, the global default parameters
in the model, which were up-to-date by global
scientific studies, were retained. The demographic
projection under DemProj module of spectrum was
made India State specific using input parameters such
as fertility, mortality and migration'!'2,

This study was carried out to describe India’s
biennial HIV estimation 2017 process and highlights
the data inputs, tool, methodology and epidemiological
assumptions which have been used to generate the HIV
estimates for key indicators at national and State/Union
Territory (UT) levels.
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Material & Methods

Spectrum software version 5.63 by Avenir Health
(Glastonbury, USA)!%1314" the tool recommended
by the Joint UNAIDS worldwide, was used by the
National Working Group (NWG) for HIV estimations
in the 2017 HIV estimations round. This version of
Spectrum had improved modelling assumptions as
informed by the latest global scientific evidences on
the probability of mortality among adults when on
antiretroviral therapy (ART), preventive impact of
ART, fertility pattern among HIV-positive pregnant
women and mother-to-child transmission rate'®. The
process and steps for generating the HIV estimates by
the NWG were as given below:

The first step in the process was to input
demographic data into the DemProj module of
Spectrum for each of the 35 States/UTs in India
including for the State of Telangana which was
bifurcated from Andhra Pradesh in 2014'S. For
demographic projections, Census data'’, Sample
Registration System (SRS)'"® and NFHS®'" data i.e.,
size of total population by age and sex, total fertility
rate, age-specific distribution of fertility, sex ratio at
birth, life expectancy at birth by sex, model life table
and migration by age and sex were projected for each
year in 1981-2026 period using component method
of projection”. A number of demographic direct
and indirect calculation methods such as smoothing
technique, the Gompertz Model, the Reverse Survival
method and indirect Residual Method were used for
the estimation and projection of the above-mentioned
input parameters?'-%’.

In the next step, in the AIM module of Spectrum,
treatment eligibility criteria for adults and children
were updated. These affect the survival and mortality
of people living with HIV (PLHIV), and hence
influence the disease burden'!. Prior to 2017, treatment
eligibility was determined by a specific CD4 count
threshold"'. From 2017, all adults and children tested
HIV positive were eligible for treatment under the
‘Treat All Policy’ regardless of CD4 count?.

The third step was to input programme data on
pregnant women receiving PMTCT (Prevention of
mother-to-child transmission) services (provided by
NACO) by various regimens: single-dose nevirapine,
Option A, B and B+. Programme data from the start
year of treatment provision up to the most recent year
2017 were included. Data on adult males and females
and children alive and on ART were also added from

2004 to 2017. For the projection period 2018 to 2026,
for PMTCT and adult and child ART, a linear scale-up
in coverage assumed at around five per cent annually
reaching a threshold of 90 per cent overall coverage
was assumed by the NWG and entered into the model.

In the next step, the model required assumptions
pertaining to adult and child HIV transmission
parameters. These assumptions were informed by
global scientific studies in the absence of national
data''?. In the fifth step, inputs were made to the
EPP by East-West Center (Hawaii, USA) inbuilt
with Spectrum®. Herein, the epidemic characteristic
was defined as ‘concentrated’ for all States/UTs. The
epidemic was configured to include subpopulations
for each of the State/UT and the risk behaviour
associated with each population defined so that
Spectrum could link these two aspects considering
whether it was an urban or rural epidemic or both.
NACO’s mapping and key population size estimation
data were entered accordingly in the epidemic
configuration. The per cent of the key population
groups estimated to be male was specified, and
turnover for injecting drug users (IDU) and female sex
workers (FSW) was defined considering national data
from 2009 behavioural surveillance survey (BSS)!!2.
After this, HIV prevalence data from HSS were added
from the year when surveillance was started, up to
the most recent 2017 round, for each subpopulation

group.

The next step was curve fitting using the EPP
Classic model®'. EPP Classic model is governed by
four parameters; (7) r, the rate of infection, assumed
constant; (i) t0, the start year of the epidemic; (i) {0,
the initial fraction of the adult population at risk of
infection; and (iv) ¢, which specifies the behavioural
response of the population to the epidemic
modulating the split between at-risk and not-at-risk
populations. Curve fitting was done for each State/UT
to calculate the adult HIV prevalence and associated
HIV incidence®’. The EPP classic model uses the
time series data available from surveillance system
for various subpopulations to generate prevalence
projection and then calculates the associated
incidence. The method has been detailed elsewhere®!
The HSS network and system has been expanded
over the years with active engagement of regional
institutes. While the overall quality and geographic
and population representativeness of this information
is also improved, it does have a few biases. Antenatal
care (ANC) and key population sites were higher
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in the erstwhile high HIV-prevalence States of
Andhra Pradesh, Karnataka, Maharashtra, Tamil
Nadu and Telangana, while these were scaled up in
other States. ANC surveillance sites were primarily
located only in public sector with relatively more
sites at secondary-level facilities. The surveillance
sites in the high-risk population are predominantly
from urban locations with less data available for rural
areas. These known biases were addressed in two
ways in the 2017 estimations rounds. First, for the
general population, the two rounds of NFHS data®"
were used to inform the general population epidemic
curve with a representative prevalence data set. For
the high-risk population group, the findings from
the national integrated bio-behavioural surveillance
survey*? provided calibration factor for the epidemic
trend for the population.

There were several options available in the
Spectrum under the ‘calibration page’ to calibrate the
adult HIV prevalence in EPP. For key populations,
HIV prevalence curves were adjusted to fit 2015 values
to HIV prevalence recorded in the Integrated Biological
and Behavioural Surveillance (IBBS), a method
introduced under the 2015 estimations round’. For the
general population, both NFHS-3¢ and NFHS-4" HIV
prevalence data were included as survey data points.
Curve fitting was obtained by an appropriate balance
of the two survey data points and HSS data. Thus,
the modelling results for the general population were
used without further calibration except for the States
of Bihar, Chhattisgarh, Gujarat, Himachal Pradesh and
Kerala. For these States, excluding Kerala, the ‘best
curve fit” for the general population was adjusted to
the results of the last survey (i.e., NFHS-4).

In the final step, under the ‘sex/age pattern tab’ of
Spectrum, the sex ratio and incidence rate ratios were
updated considering survey data!'. Following these
steps and approaches, separate models were developed
for each State/UT and then combined into the national
model to produce national HIV estimates on key
indicators.

Limitation of data: The AIDS impact model of
Spectrum used for generation of estimation had
several assumptions, for example, probabilities of
HIV-related mortality among adults and children
on ART/not on ART by CD4 count and gender and
age-specific fertility rate among PLHIV versus
HIV-negative population. These assumptions were
based on evidence generated from research studies

conducted in various countries, primarily Africa®!?,
and not specific to the Indian population. There is
a provision in Spectrum to make these assumptions
more India specific if there are national-level data.
The estimates may be affected by the quality of
surveillance and programme data entered into
Spectrum. To address the biases of the surveillance
system in terms of geographic representativeness, the
general population curve was calibrated using NFHS
data while the key population curve was calibrated
by IBBS data during the curve fitting step of the
HIV estimates modelling. There might be varying
estimates uncertainty. Though the uncertainty bounds
addressed some of this variance, it might be worth
mentioning that the programme coverage was based
on the monthly summary report from the facilities and
might have a small proportion of duplicate entries of
the beneficiaries. The size of the key population or
the high-risk group population is an indispensable
information for the concentrated epidemics. The last
mapping and key population size estimation exercise
was conducted during 2008-2009. To determine
paediatric HIV prevalence among concentrated
epidemic was another critical issue and a challenge
because of the difficulty to ascertain fertility among
key population living with HIV at the national level
and hence, global defaults available in different
countries were used. Besides, assumptions pertaining
to AIDS mortality in the children not receiving ART
were not strong and updated due to the lack of the
evidence®.

Despite the limitations, the 2017 HIV estimates
provide the most robust, critical and latest evidence
on epidemic patterns at national and State/UT level
by key indicators in India at this time. It provides
evidence which can be used by the NACP for focusing
programme interventions further to achieve national
targets.

Results

The key findings for adult HIV prevalence, PLHIV
numbers, annual new HIV infections, HIV incidence,
AIDS-related deaths and PMTCT need nationally and
at State/UT level are presented. The estimated adult
(15-49 yr) HIV prevalence of 0.22 per cent (0.16-0.30)
was the lowest till now at the national level compared
to 0.49 per cent in 1999 to 0.36 per cent (0.29-0.46)
in 2006 and 0.26 per cent (0.22-0.32) in 2015'". This
trend suggesting an overall decline in the level of the
epidemic was in conformity with HIV prevalence
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reported from the large-scale community-based survey
results of NFHS-3 and NFHS-4 (Fig. 1). The adult
HIV prevalence among males was estimated to be 0.25
(0.18-0.34) per cent in 2017, while among females, it
was 0.19 (0.14-0.25) per cent. During the peak year
of 1999, the estimated prevalence was 0.59 per cent
among males and 0.39 per cent among females (Fig. 1).

At State level, adult HIV prevalence was estimated
to be rising in recent years in some States such as
Mizoram, Bihar, Jharkhand, Odisha, Punjab, Haryana
and Delhi. In the southern region, all the major States
showed a declining trend. In other regions of India, the
State level trends were mixed'".

There were nine States with adult HIV prevalence
above the national level. Mizoram, Manipur and
Nagaland were the three States with the highest adult
HIV prevalence in India at 2.04, 1.43 and 1.15 per cent
in 2017, respectively. In Telangana, Andhra Pradesh,
Karnataka, Goa, Maharashtra and Delhi, these were
estimated at 0.70, 0.63, 0.47, 0.42, 0.33 and 0.30 per cent,
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respectively, in 2017'". The number of PLHIV was
stabilized since 2004. There were 2.14 (1.59-2.83)
million PLHIV estimated in India in 2017, which
was around one per cent more than the total number
of PLHIV in 2015 (Fig. 2). The average annual rate
of increase in the number of PLHIV has declined over
time. Ninety seven per cent of the total PLHIV belonged
to the age group of more than 15 yr. Females constituted
42 per cent of the total estimated PLHIV in the 15 yr
plus age group''. Children accounted for three per cent
of the total PLHIV [0.61 thousand (0.43-0.85)]"..

The top three States having the highest number
of PLHIV in 2017 were Maharashtra (0.33 million),
Andhra Pradesh (0.27 million) and Karnataka (0.24
million). States with estimated PLHIV numbers
between 0.2 and 0.1 million were Telangana, West
Bengal, Tamil Nadu, Uttar Pradesh and Bihar
(Fig. 3)". Regarding the annual new HIV infections,
the programme target was to reduce it by 75 per cent
from 2010 to 2020. Annual new HIV infections were
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Fig. 1. Estimated adult HIV prevalence (%), India, 1995-2017. Source: Ref. 11.
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Mizoram, Meghalaya and Uttarakhand showed an
increasing number of annual new HIV infections
in 2017 compared to 2010. In the remaining States,
the trend was estimated to be declining at varying
levels. The top three States with the largest number of
estimated annual new HIV infections were Telangana,
Bihar and West Bengal. Telangana accounted for
11 per cent of the total annual new HIV infections
among adults in 2017 at 9324 (4860-14,768). Bihar
and West Bengal accounted for 10 per cent each of the
total.

The 2017 HIV estimates showed the highest
incidence rate among the key population group of IDU
compared with men who have sex with men (MSM)
and FSW. In addition, incidence is much higher among
key population groups compared with the general
population'!.

At the national level, annual AIDS-related deaths
among PLHIV continuously increased till 2005,
following which there was a steady decline with the

Year

Fig. 4. Estimated annual AIDS-related deaths, 2005-2017, India.
Source: Ref. 11.

advent of ART treatment. Annual AIDS-related deaths
declined by 71 per cent after the peak of 2005. From
2010 to 2017, the decline was 55 per cent (Fig. 4). At
the national level, the estimated annual AIDS-related
death among PLHIV was 69.11 thousand (29.94-
140.84), with adults (15+ yr) constituting 96 per cent
and adult females constituting 31 per cent of the total.

Akin to the national trend, the number of annual
AIDS-related deaths dropped in most States/UTs
during 2005-2010. AIDS-related deaths declined from
2007, most sharply in the erstwhile high-prevalence
States of Andhra Pradesh, Karnataka, Maharashtra,
Tamil Nadu and Telangana in the southern and
western regions of the country. In Bihar, Jharkhand
and Haryana, there was a rising trend, while in Assam,
the annual AIDS-related deaths were estimated to have
remained stable. The top three States with the highest
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Fig. 5. Prevention of mother-to-child transmission (PMTCT) need
estimates, 2007-2017. Source: Ref. 11.

number of estimated annual AIDS-related deaths were
Telangana, Maharashtra and Andhra Pradesh''. Latest
estimates from 2017 suggested that 22,677 (10,927-
40,605) HIV-positive women in India who gave birth in
2017, were in need of ART to prevent HIV transmission
to their infants (Fig. 5). At the State level, PMTCT
need was highest in Maharashtra (2406), followed by
Uttar Pradesh (2286), Bihar (2090), Andhra Pradesh
(1960), Karnataka (1951), Telangana (1737), West
Bengal (1453), Gujarat (1297), Tamil Nadu (1167) and
Rajasthan (959) (Fig. 3)".

Discussion

The 2017 estimates confirmed that overall, the
HIV epidemic declined in India''. The HIV prevention
and treatment programme under the various phases of
NACP was successful. This was especially considering
the following two key impact indicators: annual
new infections which declined by 85 per cent from
its peak year 1995 to 2017 and annual AIDS-related
deaths which declined by 60-70 per cent over the last
decade from 2007 when the NACP-3 programme was
launched with a particular focus on treatment scale-up
as its strategy with HIV prevention'!.

The 2017 estimates also indicated a slowdown in
the rate of decline in the epidemic in recent years.
Annual new HIV infections declined by 27 per cent
in India from 2010 to 2017 against the national target
of 75 per cent decline from 2010 to 2020. The annual
AIDS-related deaths declined by 55 per cent from
2010 to 2017". With a slow decline in annual new
HIV infections, India may miss the national target
to end AIDS by 2030 although some States have
achieved a rate of decline greater than the national
average. While this decline in new HIV infections
was better than the global average of 18 per cent, the
slowdown in the reduction of new infections indicated
that the traditional prevention approaches showed

diminishing returns under the NACP. New infections
in the north-eastern States were either increasing
or showed less progress than the national averages.
The States of Bihar, West Bengal and Telangana, the
three major contributors in new infections, showed
less decline than the national average. Exploring
mechanisms to enhance coverage to a broader
population group in these locations with a basket of
combination prevention services may accelerate the
progress of prevention of new infections.

HIV estimates for key indicators pointed towards
the geographic areas (States) where the burden of
PLHIV, annual new HIV infections, annual AIDS-
related deaths and PMTCT needs were greater
compared to those States where HIV prevention,
diagnosis, treatment and care programmes could be
reinforced. There were 15 States which accounted for
87 per cent of the total population of India in 2017
These accounted for 90 per cent of the total burden
of PLHIV in India, around 86 per cent of the total
annual new HIV infections, 91 per cent of annual
AIDS-related deaths and 89 per cent of the total
PMTCT needs. These States were Andhra Pradesh,
Bihar, Delhi, Gujarat, Haryana, Jharkhand, Karnataka,
Madhya Pradesh, Maharashtra, Odisha, Rajasthan,
Tamil Nadu, Telangana, Uttar Pradesh and West
Bengal. It is important to reiterate that while focus
may be further reinforced in these geographic areas
as a priority, it is not to suggest that other States are
neglected and efforts there must also continue.

An analysis of interstate-level variation in the
levels and trends for number of PLHIV showed that
the epidemic was no longer solely concentrated in
the southern States as was the case in early epidemic
years and as indicated in earlier estimations rounds*
but now has substantially proliferated in the western,
northern and eastern parts of the country. While
the four States of Maharashtra, Andhra Pradesh,
Karnataka and Telangana together accounted for
50 per cent of the total burden of PLHIV, the States
of West Bengal, Tamil Nadu, Uttar Pradesh, Bihar,
Gujarat, Rajasthan, Madhya Pradesh, Delhi, Odisha
and Haryana in the western, central and eastern
regions accounted for the 40 per cent of the total
PLHIV estimates''.

Regarding annual new HIV infections, States
accounting for the highest number were Bihar, West
Bengal and Uttar Pradesh in the central and western
parts of the country. Together with the southern States
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of Telangana and Andhra Pradesh, these five States
accounted for about 46 per cent of the total annual
new HIV infections in the country. HIV prevention,
diagnosis and treatment and care services are critical
in these States. These series are also critical in other
States which showed increasing trend for the annual
new HIV infections. There was indication of rising
annual new HIV infections in the low burden States
of Arunachal Pradesh, Assam, Mizoram, Meghalaya
and Uttarakhand in 2017 compared with 2010. In
contrast, the annual new HIV infections declined in
the high-burden States. These comparative analyses
of key indicators for the States indicated the type of
intervention  (prevention/diagnosis/treatment  and
care), which would be beneficial to further control the
epidemic and reach the target 3.3 of the Sustainable
Development Goals (SDGs)*. This pattern of the
epidemic was observed under previous estimations
rounds also*. The UNAIDS has advocated achievement
of 90-90-90 (i.e., 90% of HIV-infected people know
their HIV status, 90% of HIV-infected people who
know their HIV status are on ART and 90% of HIV-
infected people who are on ART are virally suppressed)
by 2020°¢, which will help pave the way towards a
world where AIDS is no longer a public health threat
(Sustainable Development Goal target 3.3, 2030%%). In
India, of the total estimated PLHIV, 79 per cent know
their HIV status and 65 per cent are on ARTY.

Elimination of mother-to-child transmission of
HIV is another critical target to be achieved by 2020'.
Of the 22,677 estimated PMTCT need in India, 58.2
per cent were on treatment as of December 2018*'. States
of Bihar, Jharkhand, Uttar Pradesh and Telangana had
relatively higher PMTCT need, however, treatment
coverage was still significantly lower than the national
average and thus required specific attention.

In conclusion, the 2017 HIV estimates pointed
towards geographic areas and populations where HIV
burden was higher. To achieve the national target
of decline in annual new HIV infections and AIDS-
related deaths by 2020, ongoing HIV prevention,
testing and treatment services should be fast-tracked
in the 15 States, mentioned earlier accounting for bulk
of the epidemic. At the same time, AIDS response
efforts in other States and UTs must sustain.
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